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For railway rolling stock, automobile and general 
engineering purposes. 

Expert supervision of all processes, steelmaking, 
roiling, coiling and heat treatment, ensures a 


first class product. 


ENGLISH STEEL CORPORATION L° 


SHEFFIELD 
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INTERNAL 
GRINDING 
MACHINES 


This range of machines is designed for fast and accurate auto- 

matic production on long runs. Two methods of automatic 

sizing are available; solid gauging for through holes, and Delta- 

meter for blind holes or short length bores. 

‘The pressure at which solid gauges are offered to the bore is variable, and the 
machine auto gauges to limits of 0.0003’. 

The Deltameter performs an actual check on bore size by the contact of a diamond- 
tipped pointer within the bore, automatically sizing to limits of 0.0002”. 

Cross slide feed is continuous, with automatic change-over from 

rough to finish grinding, and automatic truing of the grinding 

wheel. 

This is the UHM P.195 which is fitted with a Face Grinding Head, 
shown lowered so that the facing 
wheel is in the grinding position. 
Internal grinding capacity }” to 8’ 
diameter. There are other U.V.A. 
Internal Grinding Machines for 
grinding bores from }” to 18” dia. 


For close toleranc 


mass production | 


WICKMAN of COVENTRY 


LONDON BRISTOL BIRMINGHAM MANCHESTER 
LEEDS GLASGOW NEWCASTLE BELFAST 
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Photograph by councesy of N1.B. 


WHY PIANO TUNER 
LIKE PACKER? 


HE ANSWER’S SIMPLE: they both use FELT. From packaging to piano-making, felt plays an 
if essential part in a hundred-and-one industries. 

At Long Meadow Mill we make nearly all kinds of felt—from coarsest to superfine—including 
felt for all Government Specifications. And we are proud to add that over 10,000 sq. yards of 
Meadowfelt were specially chosen in selected shades to cover the gallery floors in Westminster 


Abbey during the Coronation ceremony. 
We can give quick delivery, in the piece or expertly cut. May we send you a sample of the kind 


of Meadowfelt you need ? Write to us today. 


IF YOU USE FELT... You wAN' MEEADOWFELT 


REGD, 


THE LONG MEADOW FELT COMPANY, KIDDERMINSTER—THE FELT DIVISION OF CARPET TRADES LTD. 
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London Office: 
295 EUSTON ROAD 
LONDON, N.W.1 


Tel: Euston 5311 (3 lines) 
Grams: Emancee, London 
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. . not for twist drills, anyway. 


| may be an awkward type, but Monks & Crane 


never fail to fix me up.” 


**| should darn well think so! 


. «+ If you can’t pick a drill out of 4,000 


items in a stock of five million 
or so, you deserve to go and 


make ’em yourself!” 


BRITAIN’S FOREMOST DISTRIBUTORS 


Nop >. 
likey, 


MONKS & CRANE LTD 


THE TWIST DRILL SPECIALISTS 


Head Office: 
STANHOPE STREET 
BIRMINGHAM, 12 


Tel: Calthorpe 1381 (5 lines) 
Grams: Emancee, Birmingham 


Manchester Office: 

MANCHESTER OLD ROAD 

RHODES, MANCHESTER 

Tel: Middleton 3654 (3 lines) 

Grams: Emancee, Middleton, Manchester 
sm/MC801b 
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Are you 
Superman: 


If you want to give BP Super a bench test before deciding 
to use it in your own private car, please go ahead. You'll 
find the results eminently satisfactory in terms of power 
output, fuel consumption and engine cleanliness. 

Another way to make up your mind, of course, is to try 
out a tankful. Then sit back and put your foot down. Note 
the ready response from your engine, the smooth acceleration, 
the longer run in top on hills. You'll find these results more 
than satisfactory—in terms of your car’s performance on the 
road and your own pleasure at the wheel. 


The true BP Superman also uses BP Energol—the oiliest oil. ——————— 


is the trade mark ot 


ANGLO-IRANIAN OIL COMPANY, LIMITED 
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They’re all grinning like Cheshire cats, 
throwing their caps in the air and patting 
themselves on the back. They couldn’t be more 
pleased if Lancashire won the Roses match. 
Well, what are they up to now? 
For quite a long time, they’ve had to form 
their worm reduction unit customers into a 
queue. Holroyd’s didn’t like queues any 
more than their customers did. So they set 
to work, put up a new buiiding, initiated new 
methods, improved old ones, 
booked this space, wrote these words 


to tell you that... DELIVERY 


Holroyd WORM GEARS AND WORM REDUCTION UNITS 


JOHN HOLROYD & CO. LTO - MILNROW ~- LANCS "PHONE MILNROW 55322 


CRCIOL 
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THE HERBERT AUTO-JUNIOR 


ae automatic chucking machine for the rapid machining of small parts 
of cast-iron, steel or non-ferrous metals. 


The patent self-selecting feed motion enables each operation to be 
done at the most suitable feed, ensuring a high rate of production. 


Air or electrically-operated chucks reduce idle time to the minimum. 


Capacity: Parts of disc form up to 6” <4", other parts up to 4}” 
diam. = 34” long. 
Maximum swing és 83” 
Working stroke of turret 5t” 
Speed range, r.p.m. .. 53 - 1484 


Full particulars available on request to :— 


Head Works, ’Phone: 88781 (12 lines). 


DELIVERY - 4 WEEKS 


ALFRED HERBERT LTD «+ COVENTRY 
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for 
high speed threading . . . 


CRI-DAN TYPE ‘B’ THREADING MACHINE 


accurate and highly finished threads produced . . . 


8 ona a single-point tungsten-carbide tool (external or internal, single or multi-start, right-or 
left-hand, parallel or taper, special or standard), forms can be cut in most materials. 
Maximum thread diameter 4” (external), 6” (internal); 3’ 0” admitted between centres. 

Typical production obtained is shown at:— 

A. Focusing mount, aluminium. Spiral groove 
100” wide x ‘050” deep, 4” lead, 2” long on 
1{” diameter. Cutting time 11 seconds. 

B. Diesel Stud, 70 tons tensile steel. {” « 11 t.p.i. 
Whit. 1?” long. Cutting time 17 seconds. 

C. Adapter, mild steel. 13” « 3” long (internal) 
13” 4" long (external), 14 tp.i. Whit. 
Cutting time 8 seconds (two threads cut 
simultaneously). 

D. Hose coupling, phosphor bronze. 2}” = 2}” 
long, 8 t.p.i. Whit. and 34” deep 13” 
long, 2 t.p.i. Knuckle. Cutting time 25 and 40 
seconds Whit. and Knuckle respectively. 


PROMPT DELIVERY 


SOLE AGENTS : 


ALFRED HERBERT LTD * COVENTRY 


FACTORED DIVISION, RED LANE WORKS. PHONE: 89221 (10 lines) 
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3rd European 
Machine Tool 
Exhibition, 
Brussels, 
September 4th 
to 13th, 1953. 
Hall 3, Stand 3618 


CEJ PLUG 
AND RING GAUGES 


are in steadily increasing demand throughout 
industry. Their precision and exemplary 

accuracy ensure complete 
satisfaction. 


CES TAPS 
Spiral Flute Taps for 
blind hole tapping. Spiral 
Point taps for through hole 
tapping. In each case only 
one tap is needed. 


CEJ CIRCULAR 
CHASERS 


for producing outside and 
inside threads in all forms. 


oe BN Engineering Industry and are universally adopted 
2 


by Industrial and scientific users. They are manu- 
factured to four standards of accuracy: 
Accuracy AA for highest scientific purpose. 
Accuracy A for reference use. 
Accuracy _ for inspection use. 

Accuracy C for workshop use. 


A.1.D. APPROVED 
SOUTHFIELDS ROAD DUNSTABLE BEDS. TEL: DUNSTABLE 422/3 
DHB 
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TRANSMISSION CONSIDERATIONS 3 


JUDDER (2) 


Two of the simpler causes of judder were discussed in a recent 
article. Both were removable without great difficulty. A faulty 
sparking plug, indeed, is scarcely a serious hazard today; and, 
as was indicated, there are several possible methods of ‘liquidating’ 
the unpleasant effects of longitudinal motion of the power unit 
in its flexible mountings. 

However, flexible mountings can cause judder also by 
permitting the power unit to oscillate about a longitudinal axis. 
There is at least one recorded case in which the judder condition 
was reversed by conversion of the design to left-hand drive. 


Interference of clutch linkage by rocking motion 
of engine. 

Clearly the connecting end of the clutch-shaft drop-arm would 

rise if it were on the one side whereas it would fall if on the 

other, the engine motion being the same in both cases. 


Appreciation of the circumstances led to a scheme midway 
between these two, so that this source of judder was eliminated 
whether the pedal was on the right or on the left. Ifno such simple 
solution were possible, the trouble could be removed by using 
a servo mechanism or by hydraulic operation of the clutch. 


It would be unfortunate to give the impression that judder 
always originates in or about the power unit. Experience suggests 
that it can start almost anywhere in the vehicle. There is for 
instance a commercial chassis which judders when carrying a 
tipping body but is free from the fault when bearing a coach 
body. Presumably the difference is one of overall stiffness of 
the complete vehicle. 


Incidentally, the student of design could spend a little time 
in many worse ways than by watching heavy vehicles approach- 
ing and leaving a loading bay. Usually they are high enough 
from the ground to display fairly clearly some at least of the 
peculiar effects of heavy and intermittent torque. A natural 
extension of this little lesson would be to continue the observation 
while following the lorry in a reasonably low car. 


Still another cause of judder is oscillation of the axle casing 
on its springs — quite apart from the effect, mentioned earlier, 
that this may have in moving the power unit longitudinally. 


Suppose that the vehicle is at rest with its driving wheels on 
the ground. Suppose further that the axle casing is turned through 
a small angle by any suitable means. This will carry the bevel 
pinion around the crown wheel and, the latter being held by the 
axle shafts, the bevel pinion must rotate on its own axis. 


Axle-rotation due to torque reaction. 


gear ratio between pinion and crown wheel, the former will 
rotate several times as much as the axle casing. 

By way of example, if the axle ratio is 5 to 1 and the casing 
is rotated through 5 degs. then the pinion will turn through 25 
degs. This motion will be transmitted to the propeller shaft, of 
course, and so forward through the rest of the transmission 
system. 

It should not be overlooked that a precisely similar effect 
occurs also when the vehicle is in motion. Any angular motion 
due to the partial rotation of the axle casing is then impressed 


Every bump tends to rotate a Hotchkiss rear axle. 


upon the normal movement of the various parts, Moreover, 
such rotation occurs with every appreciable change of throttle 
because this alters the torque applied to the casing. Since the 
latter is carried by springs which, in this respect, are virtually 
undamped, displacement in one direction will be followed by 
rebound which will overshoot and so on. In short, the casing 
will oscillate and thus repeated reversals of motion will be applied 
to the transmission. 


If the latter is moving only slowly, as when starting from rest, 
these applied reversals may over-ride the steady speed caused by 
the engine. In such a case there will be judder which, as we 
noted earlier, is outward evidence of reversals of load at the 
various clearances in the transmission. 


Axle oscillation can occur apart from changes of throttle. 
Clutch engagement alters the torque applied to the axle. If that 
engagement is rapid, the torque change may be sufficiently 
sudden to cause oscillation. 


There is also the fact that the axle casing is not in rotational 
balance. Its nose-piece and the propeller shaft have no counter- 
weight. Violent displacement of the axle by road irregularities 
must therefore tend to turn the casing because the force acting at 
the wheel centre does not pass through the c.g. of the displaced 
mass. 


Except in this last instance, shock absorbers cannot help very 
much. Axle oscillation is in fact an inherent fault of Hotchkiss 
drive. It is part of the price to be paid for such attractions as 
this system offers in other directions. 


REGO TRADE MARK 


COMPANY LTD., LEAMINGTON SPA, ENGLAND 


Moreover, a little consideration will show that, owing to the 


BORG & BECK 


— 
| 
— 
— 
— 
— 
— 
ty 
4 
— 
4 
— 
—— 
4 
al 


PECIALISATIO 25 — | 


SPEC 
25 YEAR 
LOCKHEED™ 


CIALISATIO: 


LOCKHEED™ 


hLISATIONS LOCKHEEL 


SPECIALISAT 


LOCK 


25 YEARS 


IALISATIO. 


SPECIALISATIO 
25 YEARS) 
SPECIALISATION 


SPECIALISATIO 
YEARS 


25 
KH 


YEARS 
LOCKHEEC 


25 YEAR 
LOCKHEEC- 


SPECIALISATIO 


YEARS 
EEC Spr 


LOCKHEE SP ASE CIALISATION: 5 YEAR 
CIALISA 5 YEARS Lo ED SP al 
J CIALISATION~ 5 YEARS} OCKHEED 
i 
re 


OQ 


adjustment 


The Rockford clutch, with its centrifugally 
balanced and effective toggle-action, gives a 
smooth engagement without imposing any 
running thrust either when engaged or 
disengaged. 

An exclusive device gives, without special 
tools, an infinitely close adjustment. Fine 
adjustments can be made, and automatically 
maintained, without releasing or engaging 
separate locking devices, which formerly 
limited adjustments to spacing controlled by 
notches or holes. The adjustment ring is 
conveniently accessible, and is painted red 
for easy identification. 


British made, in a range of sizes, by 


BORG & BECK COMPANY LTD. 
LEAMINGTON SPA, ENGLAND 
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Home Sales Organisation for the 


MILD STEEL FLAT ROLLED PRODUCTS 
of 
RICHARD THOMAS & BALDWINS LIMITED 


and 


THE STEEL COMPANY OF WALES LIMITED 


comprising 


Sheets (Uncoated and galvanised) Welsh Charcoal Tinplate 


Coils Tinned Sheets 


Ternecoated Sheets 


Lead Coated Sheets 


Plates (-1181” to -75”) 


Tinplate 


Terneplate 


Staffordshire Heavily 
Coated Tinplate 


Blackplate 


Enquiries should be addressed to:— 


RTSC Home Sales Limited 
47 Park Street London WI 


Telegraphic Address : “‘ Homerold”’ Audley London 


Telephone: Mayfair 8432 
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pallet for 


ALLETS are our business. We 

produce all sorts and sizes for 
every industrial need. Many are 
described in our new catalogue 
and our pallet advisory service 
can always be called upon to 
assist in the study of the materials 
handling problem in collaboration 
with the customers’ own pro- 
duction engineers. 


RUBERY, OWEN & CO., 


LTD., 


DARLASTON, 


there’s 
a 


Rubery 


Owen 


every 


handling 


SOUTH 


TELEPHONE: DARLASTON 130 


MEMBER OF THE OWEN ORGANISATION 
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Addressing the Office and Works staffs (during their lunch hour) the Managing Director said : 


D®N« RECENT MONTHS all of you must have noticed an old man with a shovel digging holes 
behind the factory. Today we see the results of his work in this spacious, 


and I might say palatial, new building. 


The immense and steady increase in our turnover year by year : 


(it has more than doubled since 1946) has, I know, meant some 
crowding and discomfort for many of you. I myself have 

been severely jostled while trying to get at the Canteen doughnuts. But 
with this magnificent extension — the fourth in five years — you 

will all — for a short time at any rate — have a little more elbow room 
and so will be able to do more work. (Loud cheers). 

From almost every country in the world the demand for Desoutter Power 
Tools increases month by month. Only by exerting yourselves to the . . . 
(But at this moment the hooter announced the end of the luncheon break 
and the eager workers broke away to their benches hungry but happy) 


Desoutter tools put power 
into your hands 


LONDON, N.W9 TELEPHONE COLINDALE 6346 (5 LINES) TELEGRAMS DESPNUCO, HYDE, LONDON 


DESOUTTER BROS. LTD., THE HYDE, HENDON, 
CRC 245 
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ELECTRIC Process Heating 


FURNACES INFRA RED. ~“HIGH FREQUENCY 


~ 
™ 


High Frequency Heating 


@Bold thinking about bigger production de- 
mands new methods of heat treatment. G.E.C, 
electric process heating ensures maximum output 
and true economy. The many heating equipments 
in its range are clean, safe, simple to operate and 


heat rapidly to constant, correct and controlled 


temperatures. Its versatility is being proved 


every day. 


@it is widely used in heavy and light industry, The G.E.C. 2 KW 
and a typical example of its versatility is shown has many features which 


make it eminently suitable 


here. for a wide range of applica- 
tions, including the harden- 


ing of small parts, soldering 

@G.E.C. has had many years’ experience in the and brazing. A typical in- 

stance of its value is illustrated above. When a 
design and construction of heating plant. The gas flame was used to braze the box yoke, the 
: ver si spread of heat caused such distortion that it was 
Company’s specialists welcome opportunities to necessary to mill the top face and to redrill the 
. f holes. Both these operations were avoided by 
discuss potential uses, using G.E.C. H.F. Induction Heating, and output 


was increased by 280%. 


EB GRUBRAL BLECTRIC CO. LTD., MAGNRBT HOUSE, KINGSWAY, LONDOR, W.C. 
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A GIANT KIRKSTALL BOGIE 


GROSS VEHICLE WEIGHT 85 TONS TWIN 14’ TYRES 
WEIGHT ON BOGIE TYRES 35 TONS OVERALL WIDTH 10’ 3’ 


KIRKSTALL FORGE ENGINEERING LTD 
LEEDS 


Telephone: Horsforth 2821 
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THIS was the answer 


Good clean finish and pressure tightness 
are essential for the filter heads of these well- 
known Oil Filters. John Dale Aluminium Alloy 
Gravity Die Castings have achieved these results. 


Consult JOHN DALE Limited 


about Aluminium Alloy Gravity Die Castings 


JOHN DALE LTD. (DEPT. TS.3), LONDON COLNEY, ST. ALBANS, HERTS. Telephone : Bowmansgreen 2266 
royds 51/5/6 
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fast cutting, long life 


BURS 


If you are a user of rotary burs, here’s your 
chance to improve quality and output, and 
save money. 

These tools are now being made in Wimet 
tungsten carbide with precision ground 
teeth, in a range of six standard shapes and 
the most commonly used sizes. 

You can order them from any Wickman Area 
Office, from stock. Simply quote the 
reference number, quantity required, and 
state whether fine or coarse cut. 


SPECIAL PACK 


plastic base 
and perspex 
cover provide 
protection for 
the bur when it 
is not in use, and 
the size and type 
can readily be 
seen. All Wimet 
Burs come to 
you in this ideal 
pack. 


are available wich ether tne for sizes and prices 
cut for slow speeds or coarse 
cut for high speeds. 


IN STOCK at all Wickman Area Offices 


: 
ig 


All Burs are available with either FINE or COARSE 
cut. State which you require when ordering 


PRICE 


4215 0 
6 
65.10 9 


Where to get Wimet Burs FROM STOCK 


WICKMAN LIMITED, Wimet Works, Torrington Avenue, COVENTRY 
LONDON, 38/39 Stratton Street BIRMINGHAM, | Somerset House, Temple Street 
BRISTOL, 18 Baldwin Screet MANCHESTER,2 . . Century House, St. Peter's Square 
LEEDS, ! . Bank Chambers, Vicar Lane GLASGOW, C.2. 98 West George Street 
NEWCASTLE . 7 Pear! Buildings, 4 Northumberland Street BELFAST . ‘ ). Rainey, 16 Donegal! Square, S. 


Wi 
TYPE S 
| REF. | M L D PRICE | 
AS 2” 2355” de’ £210 0 
$2 7’ 2" 2355” £310 0 
Gy, $3 2355” 460° £415 0 
s4 2” | 2355" 583” £610 0 
| 23” 2355” A’ £510 0 
REF. | M | L | D P PRICE | 
F2 24” 2355” £4 0 0 
F3 23” 2355" £5 5 0 
F4 i’ 23” 2355” 1” £615 0 
REF. | M | L D PRICE 
2 NI i 2 2355 2 £3 2 6 
N2 3 24 2355 {4 7 6 
N4 23” 2355” 1” 5 0 
REF. | L D R | PRICE 
B2 4” 24” | -2355° | 3’ £510 0 


The 2-F Fastermatic— 
one of three sizes with swing 
over bedways ranging from 21” to 29”. 


@ This is the Lathe 


A FASTERMATIC will run continually, keep tolerances exact, on which you will 


and maintain perfection of finish. A great PROFIT MAKER EE) AS A VE T/ M E 


for workshops where different parts are required in recurring lots. 


There is also a wide variety of spindle speed changes. Once the 8 MO N E y 


operator completes the chucking and starts machine, he is FREE 
to attend other machines. Q@ LABO U R 


A FASTERMATIC will SAVE TIME, MONEY, LABOUR. 


RUS: 
Send NOW for Illustrated Informative Catalogue. 


BATTERSEA LON w 
PHONE BATTERSEA 8868 
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IN 
BIRLEC-DOW FURNACES 


Carbo - nitriding replaces 


The B 

gaseous process, giving A gas-fired batch unit, enabling a 
wide range of components to be 


heat-treated. 


equivalent cases at much 


lower operating costs. 
With a greater penetration 

Totally enclosed, heating and quench- 
ing being carried out without 


exposure to the air. 


rate, lower temperatures 


can be used, thus reducing 


distortion. 
Built-in atmosphere generator,cutting 


down floor space requirements. 


*% High heat storage 

efficiency, giving rapid 
temperature recovery 
with fresh charges. 


Efficient atmosphere 
circulation, permitting 
dense loads of closely 
packed articles to be 
handled. 


By exclusive arrangement 
with the American manu- 
facturing patentees, 
BIRLEC LIMITED 
have now added the 
DOW carbo-nitrid- 
ing furnace to their 
wide range of heat- 
treatment equipment. 


Semi-mechanised, re- 
ducing labour require- 
ments and providing 
good working con- 


ditions, 


Standard designs are available from 250!b. 
per hour (carbo-nitriding with .003” 
case) upwards. Full design and operating 


data are available; may we send further 


details? BIRLEC LIMITED 


ERDINGTON + BIRMINGHAM 24 


Sales and service offices in LONDON, SHEFFIELD and GLASGOW 


sm, B.950, 53a 
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ICH ARE 40% LIGHTER 
WITH EQUAL STRENGTH: 


STERLING 


LIMITED 
COVENTRY 


OUR ENGINEERS ARE READILY AVAILABLE FOR CONS: 
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Accurate control of temperature 


‘Cc 


Low cost 


Salt Baths High output 


for heat-treatment Clean, scale-free finish 
Uniform results 


The ‘Cassel’ Heat-treatment Service 


offers technical advice on all heat-treatment problems. Samples may be sub- 
mitted for treatment or testing at the demonstration centres in London, 


Birmingham and Glasgow, no charge being made for advice. 


For further information consult: 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, $8.W.1 
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Constructed on the Silentbloc principle 

with a self-forming flange for extra-snug 

fitting and less wear these bushes ensure 

maximum efficiency at lowest cost. 
Right: Flangeless Taper Bush 
sectioned to show construction. 


In the housing flanges develop 
under compression. 


After exhaustive testing Ford 


Motor Company Ltd. now fit 
Silentbloc Flangeless Taper Bushes 
in the I.F.S. of the “Consul” 
and “ Zephyr Six”. 


Left: Front Suspension 
of the “Consul” and 
“ Zephyr Six”. 


Flangeless Taper Bushes and 
Frustacon mountings provide the 
first complete and scientifically 
designed rubber insulation 
between wheel and body. 
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This new AC partial-flow oil filter with replaceable element meets 
the increasing demand for a filter that can be removed for inspec- 
tion and replaced every 8/10,000 miles. It provides a permanent 
installation for coupling into a by-pass oil supply system and the 


filtering element can be replaced without disturbing pipe connec- 


tions. Sump oil is filtered on an average of ten times an hour. This 


means less motor wear and longer motor life — the objective of 


every motor manufacturer. 


AIR CLEANERS AIR SILENCERS CRANKCASE 


BREATHERS 


CAR HEATERS FUEL PUMPS 


SPEEDOMETERS * GAUGES + INSTRUMENT PANELS 


OIL FILTERS 


* THERMOSTATS + SPARK PLUGS 


WINDSCREEN WIPERS - DIE CASTING 


We'll gladly help when you plan a new design or modify an existing one. Write to. 
AC Technical Bureau, 54 The Butts, Coventry; or ‘phone Coventry 61747. 


AC-DELCO DIVISION OF GENERAL 
MOTORS LTD., DUNSTABLE, BEDS. 
and Southampton, Hants. 
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THE WORLD 


AGAIN AVAILABLE 
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ET MORE 


out of your machines 


THE SHEFFIELD TWIST DRILL AND STEEL COMPANY LIMITED 


SHEFFIELD - ENGLAND PHONE: 24137 (5 LINES) GRAMS : PROELLS - SHEFFIELD 
LONDON OFFICE : TERMINAL HOUSE, LOWER BELGRAVE STREET, S.W.1 Phone : SLOANE 2111 (4 lines) : Grams: PROELLS KNIGHTS LONDON 


DORMER TOOLS ARE OBTAINABLE FROM YOUR USUAL ENGINEERS’ MERCHANTS 
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The selection of the best materials for use at high 
temperatures is a problem for the expert. That is where we 
can help. We have research data and service results covering 
the use of a wide range of materials in various operating conditions. 
Amongst this wealth of technical information we may already 
have the solution to your own high-temperature problem. 

The chances are that one of our high-nickel alloys will best 
meet your requirements — but ask us before you go ahead. 


Wiggin High-Temperature Materials 


INCONEL* NIMONIC F NIMONIC 80A NIMONIC 95 
NIMONIC* 75 NIMONIC 80 NIMONIC go NIMONIC DS 


*Registered Trademark 


Useful technical data on our high-temperature materials is 
contained in our publications. May we send you copies? 


444+ 4 +4 44 +44 


$ 4-44-44 


HENRY WIGGIN AND COMPANY LIMITED: WIGGIN STREET: BIRMINGHAM 
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OVER ONE MILLION EATON TW AXLES IN TRUCKS TO-DAY 


EATON AXLES LIMITE 


VICTORIA ROAD, WARRINGTON, ENGLAN 


Registered Office: 25 VICTORIA STREET, LONDON 5S.W.1., ENGLAND 


| 

+ 


Twin bogies conquered at last! 


DUST AND WATER ENTRY has for long been a major 
problem for all Body Engineers. Extensive study and 
experiment has convinced us that it cannot be solved 
by metal formation only. With the aid of our Plastics 
factory we have at last found the solution in our “ Snap 
Sacs” (patent applied for). 

They can be used with any of our Snap-in Fasteners, 
already in extensive use in the trade, thus obviating any 
major change. “ Snap Sacs "’ are sold with the fasteners. 
Low in cost—Easy to apply—Satisfactory in use. A 
slightly larger hole is all that is required for fitting. 

A generous supply of experimerital samples is waiting 
for you. : 


CARR FASTENER CO. LTD. 
Stapleford, Nottingham. Telephone: Sandiacre 2234 


Also at: 47 Woburn Place, London, W.C.1, Museum 1433 
50 Newton Street: Manchester. Central 4057 
Daimler House, Paradise Street, Birmingham, 1 Midland 2297 
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INFORMATION SHEETS for the PRODUCTION ENGINEER 
Vaughan experiences skill and research have combined to | 
produce pwo yuTst ANDING COOLANTS— 
: soluble Grinding oil | 
These produc ts are the ans¥ er to most, if not all, of your 
metal grinding problems Fach form® a clear solution, through 
which the work can be seems and cettles out contaminants rather 
rent i particulars enables harder and finer 
wheels be 4, and more work-piece® per wheel 
Hocut and transparent solutions keep the wheels 
Trial drum supplied on guarantee terms. 
a 
- BIRMINGHAM 4 ENGLAND 


Looking ahead for 


T. I. ALUMINIUM LIMITED, 


REDFERN ROAD, TYSELEY, BIRMINGHAM 11 
Telephone: ACOCKS GREEN 3333 


A COMPANY 


Aluminium and Aluminium Alloy Ingot, 
Billets. Slabs, Sheet, Strip, Plates, Tubes 
and Extrusions to all Commercial, A.I.D. 
and Lloyd's specifications. 
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Standard Equipment 


for British Motor Cars 


and Commereial Vehicles 


Write for Catalogue Ref. 115/07/29-B 
RECC THE RENOLD & COVENTRY CHAIN CO LTD : MANCHESTER 
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FOREIGN & COLOMIAL 


ENQUIRIES 


JACKSON LT 


= 
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H 
OAKENCLOUGH 


GARSTANG, 


STREET. 


QUEEN VICTOR 


ons OF MATERIAL =; TO 


STAINLESS STEEL 


and the automobile industry a 


There is no material more suitable for motor The increasing use of stainless steel today in 
vehicle fittings stainless steel. Its the automobile industry is proof of these 
hard-wearing surfaces can neither chip nor qualities. 
peel off, for the metal is solidly stainless 
throughout. 

The Morris Oxford radiator grille is manufactured 
The gleaming finish of these parts requires — entirely from ‘Silver Fox 17°’ Stainless Steel and 
no polishing and is maintained merely by the — was photographed in natural colour by courtesy of 


use of soap and water. Morris Motors Limited, Oxford. 


REGO. TRADE MARKS 


the metal of the age 


THE UNITED 


COMPANIES SAMUEL FOX & COMPANY LIMITED 


Associated with The United Steel Companies Limited, 


STOCKSBRIDGE WORKS Nr. SHEFFIELD ENGLAND 
F310 
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maxim 
eff iciency 


full-flow flat tube 
radiator block 


has superior heat dissipating 


FLOW 


qualities which have been so widely 
acknowledged that radiators built on this 
principle have been supplied by us in 

quantity to the leading manufacturers 

in the motor trade for many years. We 

have design experience and complete production 


facilities to undertake radiator contracts 


WNAT EA 


of any size - from the design stage to 
delivery, which will meet the closest 


schedules you may need to impose. 


COVENTRY MOTOR FITTINGS CO. LTD., 
COVENTRY. Tel. Cov, 3144-5-6 


C 


ACCURATE SPEED CONTROL 


The static friction which hampers the sensitivity of so many types of governor is 
eliminated in the Iso-Speedic governor by the use of flybobs consisting of hardened 


steel balls running on ground steel tracks. 

As a result, Iso-Speedic governors can be supplied which give control within 0.3 
per cent and are used on generators for radar and television. 

Other Iso-Speedic governors are available where a lower degree of accuracy is 
sufficient. Iso-Speedic governors are used on diesel engines and petrol engines 
and are available for other speed control applications. 


The services of our engineers are at your disposal. 


-Sp eedic 


THE 


FILTERS 
EVERY ESSENTIAL 
REQUIREMENT? 


FILTERING ALL THE OIL ALL THE TIME 


Only a full flow filter can give real engine protection. This fact is 
today almost universally acknowledged—yet even a so-called full 
flow filter must match up to all these requirements ;— 


FILTRATION IN DEPTH 


The VOKES element filters not only on the surface plane but, to a 
certain predetermined extent, into the depth of the felt fabric itself. 
This gives much greater efficiency in arresting u// particles large 
enough to cause damage or wear and, even more important, 
ensures a build-up of sludge much slower than would be the case 
with an element providing surface filtration only. 


CLEANABLE ELEMENTS 


The policy of expendable elements may be satisfactory if spares are 
always available, but what happens if a machine in some remote 
place is prevented from working because no spares are available ? 
VOKES filter elements can always be cleaned-—a feature which 


ensures economy in the long run. 


NON-RECIRCULATION OF TRAPPED SLUDGE 


In the VOKES Principle, filtration is from the INSIDE to the 
OUTSIDE, which means that all the sludge is trapped in the centre 
of the filter element and cannot in any circumstances be recirculated. 


Yes! . . . in thirty years, nothing has been found to improve on 
the basic principles of VOKES filtration for all-round efficiency, 


VOKES LIMITED + GUILDFORD - SURREY 


VOKES (CANADA) LTD., Toronto. Represented throughout the World. VOKES AUSTRALIA PTY., LTD., Sydney 
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...there is something fundamental 


about a forge 


It is not without significance that 
the commonest British name is 
‘Smith’! There is something down- 
to-earth about a smith, and 
Doncasters’ business is a bedrock, 
a basic business, that of forging 
intractable steel to give it shape and 
substance to serve the needs of 
other industries. 

As longas there are railways, auto- 
mobiles, aircraft, machine tools and 
engineers, there will be a need for 
firms such as Doncasters of Sheffield. 
From their earliest beginnings in 
1778, this business has dealt with, 
made or manipulated steel and its 


alloys; five generations of crafts- 


men of individuality and character, 
and yes, integrity, have added to 
the fund of skill, knowledge and 
scientific method which informs the 
present practice of the company. 

Doncasters forge and treat bars 
of tool and other hard and tough 
steels; they shape general forgings 
under powerful hammers; each year 
make hundreds of thousands of 
intricate drop forgings and valve 
stampings for diesels and auto- 
mobiles; they are of the very few 
people in the world who make 
hardened steel rolls, possibly the 
highest development of the forge- 
masters’ craft and skill. 


DONCASTERS 


1778 D Dj 


DANIEL DONCASTER & SONS LIMITED - SHEFFIELD 


FORGINGS . DROP FORGINGS « HARDENED STEEL ROLLS . HEAT TREATMENT 


DD 
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Whatever 
the job... 


there’s a 


flexible pipe 
to carry it through 


Dunlop technicians will always advise on any problems concerning installation of flexible piping. Write please to :— 
DUNLOP RUBBER COMPANY LIMITED ST. GEORGE'S ROAD COVENTRY TELEPHONE: COVENTRY 64171 


an /907 
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How are you fixed for 


popular ‘numbers’ 


If you are having trouble with clips, bring your problem to us. We 
show here a few varieties, but these, mark you, are only a very pir ot A 
small selection from our range of thousands of CLIPS...in every 2” from stock. 
possible shape, size and quantity — in phosphor-bronze, brass, steel, 
stainless, plated ... for every trade and profession. 

And if you want a ‘special’ let TERRY'S Research Department 
design for you — after all, we’ve got 98 years’ experience behind us. 


300 — an exceptionally efficient 
drawing board clip, 5/- a doz. 
(inc. p.t.) from stock. 


4 257 — a useful clip in black 
enamel, from to 1)”. 


1364—a clip for kitchen cabinets 
— rustproof finish. 


Sole Mokers : 
: HERBERT TERRY & SONS LTD. REDDITCH (The Spring Specialists) amp interested in springs? 
is book —- Spring Design and 


to cover with spring data, is yours post 
tree for 12/6. 
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TRACE MARK 


THE CACO SEAL 


British Patent No. 479743 


The Scientifically Designed Oil Seal for Rotary Shafts. A Gaco Product. 


Face Angle brings Sealing Edge 
spring. 
© edge Contact at Sealing Point. 


Q Sealing Point stiffened against local deform 
by large included angle. 


Shaft angle gives adequate clearance. 
Flexible Web. 


Housing. 
“HAIRLINE” LIP CONTACT! 


ANGUS OIL SEALS 


GEORGE ANGUS & C9 [TD 


FLUID SEALING ENGINEERS 
NEWCASTLE UPON TYNE, 6 
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SMITHS 


Hydraulics 
take the load 
off your hands 


AMAZING 
FORMULA! 


SMITHS JACKING SYSTEMS LIMITED 


A Company of the Motor Accessory Division of S. Smith & Sons (England) Ltd 


JACKALL WORKS, EDGWARE ROAD, LONDON, N.W.2. T'elephone : GLADSTONE 6671-4 


g 261-13 
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& WELDING 
BITION 


CHEMICAL 
PLANT EXHIBITION 


OLYMPIA LONDON 


CERING 


SEE STAND No. 19F ‘ GROUND FLOOR : GRAND HALL 


| 'HIS STAND represents 


the combined activities of 


an associated group of firms, 
which between them provide a 
range of specialised services 
and products to industry at 


home and overseas. 


These services are supported by 
experienced research and design 
staff and extensive manu- 


facturing facilities. 


CHEMICAL PLANT EXHIBITION ° 


OLYMPIA 3rd—17th SEPTEMBER 1953 


Chemical Plant 

Sulphuric Acid Plant 

Industrial Gas Plant 

Refinery Hydrocarbon Processing 


Iron and Steel Works Plant 


Project Engineering 


Heat Exchangers 
General Plate Fabrications 


Meehanite Castings 


Oils and Fats Processing 


THE POWER-GAS CORPORATION LTD 
ASHMORE, BENSON, PEASE & CO 


DOWNS & THOMPSON LTD 


STOCKTON-ON-TEES 
‘STOCKTON-ON-TEES 
HULL 
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Specially blended to give 
MAXIMUM 
ENGINE PERFORMANCE 


CLEVECOL SPECIAL is blended to produce the highest engine 


performance—greater power, more mileage, faster and smoother acceleration, and a 
lot more pleasure in driving! Clevecol Special is far superior to 


any petrol previously marketed. 


The Super quality Petrol distributed by 


CLEVELAND 


THE SPECIALISTS IN 


MOTOR SPIRITS 


CLEVELAND BENZOLE MIXTURE 
is a most excellent blend for smooth running and extra miles per gallon. 


CLEVELAND GUARANTEED 
the well-known general purpose spirit is superb value for engines which do not 
demand a premium grade. 
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---CGOMPLETED IN DAYS! 


In the specially equipped Ferodo Test House there is installed a 
range of machines capable of testing brake lining materials at 
full scale. This apparatus can reproduce conditions far more 
severe than would actually be experienced by any vehicle, and the 
effects of years of hard wear and strain can be obtained in a 
matter of days! Automobile engineers and designers—as members 
of one of the most competitive and rapidly progressive industries 
—will fully appreciate the advantages of this time-beating method. 
Physical testing of materials is made complete through final and 
practical testing by the Ferodo Test Fleet of modern cars, 
specially maintained for use on the roads and the M.I.R.A. track. 
The technical resources of the Ferodo Test House and the 
services of its technical staff, are freely at your disposal. 


FERODO 


BRAKE & CLUTCH LININGS 


THE LARGE 
INERTIA TYPE 
TEST MACHINE 


(being mounted here 
with a disc type brake) 
tests heavy duty brake 
and clutch linings. Its 
100 h.p. electric motor 
gives a constant speed 
range of 500-1100 
r.p.m. Fly-wheel en- 
ergy is adjustable. This 
machine, whose maxi- 
mum kinetic energy 
reaches 5,000,000 ft. 
Ibs. at top speed, can 
reproduce most of the 
duties that any type of 
heavy vehicle brake 
lining will encounter. 


FFRODO LIMITED: CHAPFL-FN-LE-FRITH A Member of the Turner & Newall Organisation 
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GENERAL HEAT-TREATMENT 
EQUIPMENT 


The heat-treatment shop at a large Indian industrial works, shown 

above, is equipped with Wild-Barfield furnaces including a Horizontal Oval 
Muffle, an Electrode Salt Bath and Switchgear, two Horizontal 
General Purpose Furnaces, an “ESB Minor’ Salt Bath, Toolroom 
Tempering Furnace and a Horizontal Rectangular Muffle. The reliable 
and robust construction of these furnaces and their high degree 

of precision in temperature control are typical of the whole range of 
Wild-Barfield furnaces, from the smallest of light-duty types to 


full-scale production plants. Details will gladly be supplied on request. 


acectaic 


FURMACES 


WILD-BARFIELD 


ELECTRIC FURNACES 


for all heat treatment purposes 


WILD-BARFIELD ELECTRIC FURNACES LTD., 
WATFORD-BY-PASS, WATFORD, HERTS. Phone; Watford 6091 (6 lines) 
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Noral alloys’ combin 
‘strength and durability 
choice for may @atomotive parts. Long 


established for engine and transmission 
hecoming increzsing!y important. 

"Wie shall be glad to give, without obliga 
: tion, specific advice on any epplication of 


castings, aluminum is tending to find a 
wider application throughout the power 


"unit and chassis: for instance, in forged. 


connecting-rods, extruded wheel rims, 
' prake shoes and bumpers, and in many 
~~ components pressed from sheet. 

Few of these applications are new, but in 
the past they have generally been found 
only where performance and reliability 


‘of has yet to be 
_mang-produced tar and, in competitive 


“market, 4he advantages it can confer are 


Noral alloys. 


Northern Aluminium 


MAKERS OF NORAL SHEET, STRIP, PLATE, SECTIONS, TUBING, WIRE, FORGINGS, CASTINGS; ALPASTE FOR PAINT 


DEVELOPMENT | DIVISION: BANBURY, OXON 
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“ Machine Control” 
in the United States 


Courtesy Arnolt Corp. Indiana, U.S.A. 


** American Industry has accepted . . . that the production operation 
is more than simply making a product . . . the most effective reduction 
of scrap is obtained by training and equipping (the operator) to check 
his own work. . . . difficulties are overcome if the comparator type 
gauge is used. (There is a) definite trend towards supplanting fixed limit 
gauges at the machine, by measuring instruments. Inspection aS ee 


supplies process capability information of a very detailed nature . . . “igs 


Extracted from Inspection in Industry.’’ Issued 
by the Anglo-American Council on Productivity (now 
British Productivity Council), January, 1953. 
(21 Tothill Street, London, $.W.1. 3/- post free). 


and for a free copy of “The Theory and Practice of Machine Control’’ write to: 


48 


SOLEX (GAUGES) LTD 


72, CHISWICK HIGH ROAD, LONDON, W.4. TELEPHONE : CHISWICK 4815 
** SOLEX—THE PIONEERS OF AIR-GAUGING ”’ 
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LEAF SPRING 
DESIGN 


Alene Hodgeon 


LEAF SPRING DESIGN 


by Alan Hodgson 


The demand for copies of this book has been as great as that for Alan 
Hodgson’s earlier work, Problems of Motor Vehicle Suspension, but 
there are still some copies available gratis to senior executives in the motor 
trade. 


In the July issue of the AUTOMOBILE ENGINEER, the Editor was 
kind enough to write of the new book—* The value of this work is such 
that it should also be in the hands of the juniors of today who will 
become the senior executives of the future.’ We have, therefore, 
arranged for the printing of a further limited edition, which will be available 
to students and junior executives. If these ‘senior executives of the future’ 
will write to us, we will be glad to let them have copies—while supplies 
remain available, of course. 


RIGHARD BERRY SOW 


(Prop: J. Brockhouse & Co. Ltd.) 


Specialists in Motor Vehicle Suspension 


BIRMINGHAM ROAD + WEST BROMWICH - STAFFS 


ONE OF THE BROCKHOLSI COMPANIES 
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Clitf’s 
work 


IS 


worth 


looking’ 


into! 


WE LIKE TO THINK that this photograph of Cliff Jones reflects the infinite amount 


of skill and patience he possesses. As an inspector, Cliff enjoys an abundance of 


these attributes. His job is to examine work for flatness and straightness, as well 


as for surface imperfections. Visual inspection is only one of many types of 


examination meticulously carried out day and night by Cliff and other experienced 


inspectors. There’s too much at stake to risk passing even the slightest flaw... . 


For well over a century we have manufactured hot and cold rolled strip, sheets, 


and sections (maximum width 32", minimum thickness *0015") to all specifications 


and for all purposes. Your enquiries are invited. 


Habershom srrie 


meets the most exacting requirements 


J. J. Habershon & Sons Ltd., Rotherham. Telephone 2081 (6 lines) 
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ce: KINGS ROAD TYSELEY 
GRANGE WORKS « CWMBRAN 
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SPEED PRODUCTION ON VALVE 
ROCKERS AT VAUXHALL MOTORS 
LIMITED 


This 6-station machine for milling, drilling, countersinking and 
tapping valve rockers, is typical of hundreds of ARCHDALE 
specials supplied to the automobile industry. 

If your requirements cover really high production drilling, tapping, 
reaming, boring or milling... or any combination of these 
operations . . . we shall be pleased to co-operate with you on the 
design and building of machines to suit your requirements. 


JAMES ARCHDALE & CO. LTD. 
BIRMINGHAM 


SOLE AGENTS: ALFRED HERBERT LTD., COVENTRY 
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Manufacturers of British heavy commercial 
and passenger vehicles employ Fox Springs 


extensively in their production for home and 


export models, for Fox are amongst the largest 


suppliers of these springs. 


The Fox Advisory Service for spring design 
affords an authoritative consultative service at 


an early stage of design. 
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Fischer Bearings Company Led., Wolverher 


\\ 


| al 
| | ‘ 
3 
J 
| 
~w 
| | i 
(| 
\ 
| 
att 
| 
4 | 
= 
be 
: 
IE 


chists Led., Bir 


| | 
| y 
a 
= ] 

~ 
© 
4 
'SAPPH 
R 4 
| 
— 

/ 

ba 

3 


56 


experience 


slogy opened up by the « of te guided smissile 
with long experience are specifying. Unbrako 


UNBRAKO SOCKET SCREW CO. LTD- COVENTRY - ENGLAND 


viecturers of Unbrako standard socket god ipecal to ALD requirement: Please send wi your enquires 
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Syndrom ic 


Automatic 
Lubrication 

soon pays 
for itself! 


INCREASES YOUR PAYLOADS 10% 


From the moment you equip your vehicle with * Syndromic ” Lubrica- 
tion it begins to pay for itself! First, it saves up to 75% on lubrication 


costs. Then, it ensures less wear on bearings because it automatically 
lubricates up to 40 bearings at periods controlled by mileage. As a 


result, maintenance and replacement time and costs are kept down to 


a minimum. 
But besides all that, ‘Syndromic’ lubrication saves the hours spent 


in the service bay. /t lubricates while the vehicle is working, allowing 


you to increase your vehicles’ payloads by as much as 10% ! 
OP It’s obvious that * Syndromic’ lubrication soon pays for itself ! 


Ask for a Tecalemit technical representative to call and discuss the 


*Syndromic’ system with you. 


The Authority on Lubrication 
PLYMOUTH, ENGLAND 
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UNIVERSAL MILLING MACHINES Ay. 


Get the versatility 
of this 
independent t drive 


Table size... 48” x 12” 
. 9 Horizontal 
& Vertical 


Speeds . . . 9 to Horizon- 
tal spindle 32 — 
1,250 r.p.m. 


18 to Vertical spindle 
40 — 2,000 r.p.m. 


MA §212,SMT III 


58 


The rigid vertical head has an independent 
drive, and with this head in position, the 
machine is virtually a vertical model. 

Other milling machines by the same manu- 
facturer up to 76” x 16}” table. 


Immediate Delivery from our London 
Showrooms. 
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When I’m on 
duty things are - 


under control 


It’s useful to have Mr. Therm on duty in the 


factory since there are so many processes 


he can control automatically for you. 


Gas-fired equipment is capable of 


the most accurate self-adjustment and 


the most rigid control of fuel 


consumption, while the flexibility 


of gas makes it adaptable to almost any 


process requiring heat. These advantages, 


coupled with its speed, cleanliness 


and economy, are every day adding 


to Mr. Therm’s popularity in industry. 


Visit thee GAS COUNCIL 
STAND No.7 (Row G, Ground Floor, 
Grand Hail) ENGINEERING, 
MARINE & WELDING EXHIBITION 
OLYMPIA, LONDON, Sepr 3—Sept. 17 


MR. THERM IN GENERAL ENGINEERING 


Among the great variety of uses of gas are : general 
heat treatment, flame hardening, annealing, temper- 
Mr. Therm burns to Serve you ing, Case hardening, normalising, preheating, metal 
melting, core drying, forging, brazing, soldering 
oxy-town gas cutting, steam raising, water and space 
THE GAS COUNCIL + I GROSVENOR PLACE * LONDON « SWI heating 
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Thin-wall 


There is certainly no company which has given more thought than Glacier to the 


development of plain bearings — thin-wall, thick-wall, in all bearing metals. That, 


for years, has been their particular field. 


REGD. TRADE MARK 


THE GLACIER METAL COMPANY LIMITED, ALPERTON, WEMBLEY, MIDDLESEX 


MAKERS OF GENUINE THIN-WALL, THIN-WALL MICRO AND THICK-WALL BEARINGS 
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WELDING 
TRANSFORMERS 


MONTA 


for repair and light welding work 


TWIN CURRENT RANGE. 100 voits for sheet metal welding with 
electrodes from 16 co 12 gauge, up to 100 amps.. 50 volts for piace 
welding with electrodes from 10 to 6 gauge, up to 200 amps. 
INFINITELY VARIABLE CURRENT CONTROL over the full 
range. Current setting by handwhee!. Orum indicator can be read 
from sides and from above. BE 
LOWEST MAINS INTAKE of al! 200 amp. transformers, Short 
circuit proof; without moyable coils or flexibie conductors. 


HIGH POWER FACTOR, a: recommended by B.E.A.M.A. and by 
British Electricity Authority, without additions! capacitar. 
MOBILITY. Mounted on skids, it is easily moved. The ‘Monta’ is the 
lightest. machine in its class. 


MEDIA 300 amp. 
Twin range, air-cooled 


for heavy continuous production 


TWIN CURRENT RANGE. 65 volt range, suitable for most mild 
steel weiding rods for currents from 50-300 amps. 95 volt range, for 
currents up to 220 amps. 

CURRENT REGULATION, infinitely variable over each range: 
Adjustment by handwheel; indicator drum readable from sides and 
from above. 

A COOL MACHINE, Low stresses in the electric materials keep 
the fosses down and a strong natural draught ventilation results in low 
machine temperatures. 

RATED FOR TOP SETTING. The ‘Media’ has been rated according 
to B.$.$.638/1941 for continuous hand welding at its maximum current, 
it is designed to take heavy punishment. 

MOBILITY. The transformer is fitted with wheels and castors and 


A wide range of Actarc electrodes is available. There are lime-ferritic elecerodes 
for welding medium carbon and dow alloyed steel; mild steel electrodes for 
general purpose work; special rods for vertical and overhead welding, and for 
deep penetration; electrodes for fast horizontal production work; electrodes 


ARC MANUFACTURING CO. LID. 


ACTARC WORKS, GEASGOW, S.W. Telephone Barrhead 1/001 
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YOU CAN GET THEM ALE FRO® 


Walkers can fix you up. We have a very wide range 
of all types of fastenings available for immediate 
delivery. If you are not certain of the exact type 
you require a ’phone call will always find someone 
who is ready to help you with practical suggestions 
and expert advice. 

From Walkers you get the goods—and the service. 


Complete London stocks include :-— 

Bolts, Nuts, Set Screws, Coach Bolts, Coach Screws, 
Rivets, Wood Screws, Washers, Split Pins, Taper Pins, 
Metal Thread Screws, Wing Nuts, Thumbscrews. 

In all materials, i.e. Black and Bright Steel, Stainless 


Steel, Brass, Copper and Gun Metal. 


M. W. WALKER & STAFF LTD 


ENGINEERS MERCHANTS 


IBEX HOUSE ¢ MINORIES LONDON E.C.3 
"Phone: ROYal 8191 (10 lines) ’Grams: Makerlaw, Fen, London 
MIDDLE EAST BRANCH — BAHRAIN PERSIAN GULF 
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Treat top and bottom dies with an aqueous Longer, trouble-free die-life. 

dispersion of ‘dag’ colloidal graphite—the only Free flow of metal in both dies. 

Jubricant effective at high metal-working tem- 4 Perfect parting and the finest possible finish. 
peratures—and you get these advantages :- 


* Complete absence of fumes. 


*& No harmful deposits. 
* No explosive forces set up, hence no cracking or 
pitting of dies. 


In fact you have the most up-to-date and simple 
lubrication technique for all kinds of drop forging, 
press forging, hot stamping and other high tem- 
perature metal-forming processes. 


now... full information about this 


] modern lubrication technique, write now for Information 
Sheet J, or just state your problem and we will gladly advise. 
ACHESON COLLOIDS LIMITED 
18 PALL MALL, LONDON, S.W.1. GAGs. 
Phone: WHltehall 2034/7 Grams: OILDAG, PICCY, LONDON 
also ACHESON COLLOIDS COMPANY, Port Huron, Mich., U.S.A DISPERSIONS 
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MOULDED BRAKE LININGS 


The Cape Asbestos Co. Ltd., 114-116 Park Street, London, W.I. Tel: GROsvenor 6022 
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it takes a 


to come as clean as this— 


—one good reason why every CAPASCO Lining is moulded 


Every trace of grease can be removed by normal degreasing methods. CAPASCO 


Moulded Linings are impervious to oil and grease mainly due to their uniform texture 


which is illustrated by the micro-photographs. Woven Linings are absorbent and should 


be discarded but CAPASCO can be cleaned 


and put back into service with the assurance 


of full efficiency. In addition, the other 


special features of CAPASCO are :— Dimen- 


sional Stability—High Mechanical and Impact 


Strength—Rapid ‘Wet’ Recovery —Extreme 


| 
| 


Resistance to Frictional Fade—Uniform Wear | These micro-photographs of a Woven Lining 
ray ? : and of a CAPASCO Moulded Lining show the 

to ‘Water’ Thickness—Non-Abrasive to Brake very striking difference in texture. It is this 
homogeneous structure of a Moulded Lining 


Drums Suitable for Medium and Heavy Duty | which is basically responsible for the excel- | 
: | lent overall characteristics. 


Application involving High Temperatures. 


MOULDED BRAKE LININGS 


The Cape Asbestos Co. Ltd., 114-116 Park Street, London, W.1. Tel: GROsvenor 6022 
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DIRECT 
ACTING 
BRAKE 


CYLINDERS 
for use 


Quietiy, and unobtrusiv 
past 15 years, CLAYTON 
DIRECT ACTING BRA 


 DERS. This aid to 
pact and sturdy, givin: 


performance, needs 
tenance, and has no: 


— LINCOLN ENGLAND 
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The WOODHEAD- 
MONROE Shock 
Absorber is par- 
ticularly effective in 
this application 
because it can be valved so as to apply the necessary 
resistance without seriously increasing the effort re- 
quired at the steering-wheel. The horizontal unit shown 
is installed on the F.W.D. vehicles of Scammell Lorries 
Ltd., where it has been proved to eliminate kick-back 
on cross-country conditions, to give more stabilised 
steering on the road, and to reduce the air required 
by power steering mechanisms by as much as 23%. 


On both manual and power-assisted systems it is 
possible to absorb kick-back from the road wheels 
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without greatly increasing the work done by the driver. 
Kick-back of course usually causes rapid displacement 
of the steering mechanism, which movement the 
Woodhead-Monroe shock-absorber being ‘velocity- 
conscious’, effectively damps-out . . . and without 
causing the steering to be unduly heavy. 


If you have any steering problems consult: 


JONAS WOODHEAD & SONS LTD., Kirkstall Road, LEEDS, 4 
ndh 2129 
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WOODHEAD - MONROE 
— 
3 
a 
it Woodhead - Monroe Steering Damper 
: 
| 
| 
SHOCK ABSORBERS 


Smethwick Drop Forgi mos 


SMETHWICK DROP FORGINGS LTD. SMETHWICK & KIDDERMINSTER, ENG. 
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.... look for this name when 
you want GOOD tools.... 


James” 


Neil & Co. 
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Made & Sheffield): dnd obtainable ot your usual. suppiier 
EG 122 
G 69 


Our publication, 
“The Mechanical 
Properties of Nickel 
Alloy Steels contains 
useful design data for 
a wide range of steels. 
Curves and tables of 
properties (such as these 
shown here) are given for 30 
different direct-hardening and 
case-hardening nickel alloy steels, 
together with information on 
specifications and relationship 
between tensile strength, hardness, 
shear and torsional strengths. 


This publication will assist the 

designer to choose the most suitable 
nickel alloy steel for any given 
purpose. Write for a free copy. 


Tempering curves and table 

showing the properties 
obtainable with different 
heat-treatments and 
ruling sections for a 
low nickel-chromium- 
molybdenum steel to 
Specification Pn 110. 


ST STEEL FOR 
THE JOB 


Ten Sile 
Mbo) 


THE MOND NICKEL COMPANY LIMITED + SUNDERLAND HOUSE - CURZON STREET - LONDON - WI 
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An electrically heated salt bath in the toolroom The Rover Co. Lid., Birmingham 


Tools, dies, and 


HEAT TREATMENT IN A SALT BATH IS RAPID, it gives 
uniform results, and it protects the metal from 
oxidation — considerations particularly important for 
tools, dies, gauges, and all fine-tolerance work. An 
electrically heated salt bath will bring your tool room 
up to date, and will also give you the advantages of 
cleanliness, convenience, and accurate temperature 
control. 


Electricity for PRODUCTIVITY 
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HOW TO GET MORE INFORMATION 

Your Electricity Board will be glad to advise you on 
how to use electricity to greater advantage — to 
save time, money and materials. 

The new Electricity and Productivity series of books 
includes one on heating — “‘ Electric Resistance 
Heating ”. Copies can be obtained, price 9/- post 
free, from E.D.A., 2 Savoy Hill, London, W.C.2, or 
from your Area Electricity Board. 


Issued by the British Electrical Development Association 
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THIS MARK 
ON ALL VANDERVELL 
PRODUCTS 


VANDERVELL 


PRODUCTS LIMITED 


VANDERVELL PRODUCTS LTD WESTERN AVENUE: PARK ROYAL: LONDON 
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METALASTIK 
shackle-pins 


on a fleet of post-war Leyland vehicles were examined in 1949 by the operators, Southdown 

Motor Services Ltd., at 120,000 miles, and were found to be in such excellent condition 

that they were put back for further service. 

On the 124 double deck vehicles, the Metalastik shackle-pin assemblies in the rear spring 

eyes—and occasionally the corresponding pins in the front springs, are renewed after 
300,000 miles 


but those in the front and rear spring brackets are retained for further service. 


On the 125 PS.1 coaches the Metalastik shackle-pins are still in service after 
400,000 miles 
The total mileage in the vehicles is well over 65 million miles, and Well over 
not one failure has occurred in service. 65 
Southdown Motor Services also say that the smoother running 
of the vehicle is a noticeable asset, in addition to the savings MILLION 
in labour and lubricant, and that they are looking forward to miles without a 


comparable service from their Metalastik-equipped fleet of e . 
100 Royal Tigers. single failure 


LEICESTER 


ig 
METALASTIK 


Do you know 
your shapes ? 


This is not a puzzle for which prizes are offered. But if your 


need is for metal parts that can be fabricated by powder metal- 
lurgy there is a reward — machining eliminated; easy assembly; 
economical production. Powdiron sintered metal parts are made from 
metal powders, die-pressed to extremely accurate dimensions. The 


shapes must of course, be such that they can be manufactured by 


this process. Do you know your shapes, or can we assist you? We 
are specialists in powder metallurgy and can advise you as to the 
suitability of your designs or the possible modifications necessary 

to bring them within the scope of this unique process. May we 

send you a copy of our folder “ Sintered Components by 


Powder Metallurgy ” ? 


wdiron 


SINTERED WETAL. PARTS 


* BOUND BROOK BEARINGS LTD., 
are the manufacturers of 
Compo oil-retaining Bearings 


BOUND BROOK BEARINGS LTD., TRENT VALLEY TRADING ESTATE, LICHFIELD, STAFFS 
Telephone: Lichfield 2027-2028 (A Birfield Company) Telegrams: Boundless, Lichfield 


4 Textile Sales Agents : 
R. LEECH LIMITED BARRINGTON ROAD, ALTRINCHAM 
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The ilustrations show sectioned 
gear blank and the finished ‘spur gear © 


ay 


Mlustrations by courtesy 
of Morris Motors Limited 


: 
R : 
# 
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The use of °O' rings on 


reciprocaling pistons 


In this Climax Rock Drill and Engineering Works Limited’s ‘Maxam’ 
Control Valve efficient sealing of the Piston is obtained by use of Dowty 
“©” Section Ring Seals. Despite constant passage across port faces these 
seals ensure reliable functioning of this air valve. 

A wide range of sizes are available and we shal! be pleased to receive 
details of your specific requirements. 


DOWTY SEALS LIMITED ASHCHURCH GLOS. 
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MADE BY THE PIONEERS 
IN PRECISION 
STEERING 


EFFORTLESS 
STEERING AND 
GREAT . DURABILITY 


Hardened cam and _ roller. 

Tapered roller bearings (with detachable 
cones on the larger sizes), 

Double bearing support to rocker shaft. 


End-location adjustable. 
THE ‘MARLES’ 


DOUBLE-ROLLER 
GEAR, made in a Very compact box. | 
range of sizes For fore-and-aft or transverse layout. 


Larger angular movement. 


covering every type Trunnion or spigot mounting alternative 


of chassis. on heavy types. 


ADAMANT 


ENGINEERING CO. LTD., DALLOW ROAD, LUTON 


Sole proprietors of the Marles Steering Company Ltd. 
Telephone: LUTON 2662 (4 lines). Telegrams: ADAMANT, PHONE, LUTON 
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Sh-Sh-Shake 
it how you will, 

the great thing about 

the Nyloc Nut is that, once it is 
screwed on, nothing can budge it except 

a spanner. Its special nylon insert locks so 
tightly on the bolt that you can vibrate it for 
hours on end and it still won’t loosen. Heat it up to 200°C, 
freeze it to -65°C, soak it in oil or moisture — the Nyloc 


always stays put and it can be used over and over again. 


\ 
The Fibre Nut ry with its fibre insert and the Pinnacle Nut \_ 
its metal diaphragm are equally tenacious. If you have any problem that involves 


vibration, one of these three is the nut you are looking for. Let us advise you which is best 


SELF-LOCKING NUTS 


SIMMONDS AEROCESSORIES LIMITED - TREFOREST - PONTYPRIDD - GLAMORGAN 


Also Birmingham, Stockholm, Melbourne, Sydney, Amsterdam and Milan. 


for your particular job. 


CRC BN 
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MOLYBDENUM 
HIGH SPEED 


99 Pinstone St. Sheffield 1 
Registered Office: 2-3 Crosby Square, London E.C.3 ee 


HS9 
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trating a selection of our pro 
hardened self-tapping screws 
valuable time-saver on assemb! 
their own thread when screw 
plain holes in sheet metal, 


castings, plastic mouldings a 


similar materials. The screv 
be used for making a 
ments or for joining together 


or more sheets. They can 


supplied with Phillips recesse 


or with slotted heads in two yp 


‘namely the fully pointed type A 


blunt-pointed type Z. Of cours 
behind these self-tapping screw 


with all our products, there 
the Linread tradition of qua 
and “service. 


4 
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Rubber-bonded-to-metal mountings provide the most effective and economic method of damping 
vibration. But the design must be right and the bond beyond question. You can be sure of both at 
Andre where the technical service and production facilities of a company specialising in bonding and 
moulding rubber are at your service. Our Technical Department welcomes the opportunity to 
co-operate in the development of new applications of engineering rubber. 


Write for a copy of * Elastomeric Engineering Examples"’—a photographic record 


A selection of Rubber- 
of the wide range of rubber and rubber/metal Pp ts produced by ANDRE. 


bonded-to-metal mount- 
ings and bump stops 
manufactured by Andre. 


PANY LIMITED 
(A SILENTRL OC COMPANY) 


KINGSTON BY-PASS, SURBITON, 
Elmbridge 6560/2 Valegram:; 


— 
ANDRE re 
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RANSOME & MARLES BEARING CO.ITD., 
ENGLAND 
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POLLARD 
SOLID AND FLEXIBLE ROLLER BEARINGS 


120 


THE BEARING ASSEMBLY 
ILLUSTRATED CAN BE SUPPLIED 
AS A HIGH PRECISION TYPE 
SUITABLE FOR GEAR BOXES, 
ETC., OR ASA COMMERCIAL 
TYPE FOR LIGHTER DUTY 
APPLICATIONS. 


FERRYBRIDG 
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SPRING WASHERS 


These high grade steel 
washers will not link 
together into chains, an 
important factor on the 
assembly line. 

In all sizes, A.S.A. or 
S.A.E. medium type. 


Toledo Woodhead Suspen- 
sion Springs in torsion bar, 
laminated and coil types 
are used in many famous 
cars and commercial 
vehicles, 


TOLEDO WOODHEAD SPRINGS LIMITED SHEFFIELD 3 
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ELECTRIC 
DOOR ACTUATING GEAR 


SAFEST! 
SIMPLEST! 
STURDIEST! 


In addition to improving safety, excluding draughts, and 


the generally recognised merits of power actuated doors, 


C.A.V. equipment offers the following advantages: 


© Simple, robust and light in weight 


Applicable to folding or glider doors 

Compact —easily housed in normal header box 
Low initial cost 

Easy to install—no pipework necessary 
Independent of braking system 

Safety interlocking devices easily incorporated 
Low current consumption 


Slipping clutch prevents injury or damage 


Typical 

safety interlock 
on accelerator 
pedal. 


Low maintenance costs 


nj tion Electrical | Equipment 


O-N D 


® 174-499 
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Eliminate Tap Breakage 


ON CAPSTAN AND TURRET LATHES 


and Improve Output 


In five years the standard ‘‘ Thomson ''’ Tapper has become firmly established as 
the complete answer to most tapping problems. This latest model has been 
specifically designed for tapping operations on capstan and turret lathes. It 
provides all the advantages of the standard type,whereby the tapping of blind 
holes and other intricate tapping operations require no special skill or equip- 
ment, but is solely for use in the turret where it mates perfectly with all other 
turret tooling. 
The ‘‘ Thomson "’ virtually eliminates tap breakage and as one attachment 
employs a range of STANDARD HAND TAPS it effects considerable savings. 
Every ‘‘ Thomson '’ Tapper is guaranteed for twelve months, but simple maintenance 
coupled with the principle of self-contained oil-bath lubrication will ensure a long 
life of trouble-free economical operation. 
Type T.2. 3/8in. to lin. Whit. or ANC. 
Type T.3. 3/I6in. to 1/2in. 
FIT DIRECTLY INTO TURRET SOCKET WITHOUT SLEEVES OR ADAPTORS. SPECIAL SHANKS SUPPLIED TO ORDER. 


TENT 
SOLE DISTRIBUTORS BRITISH ISLES PATENTED 


(SMALL TOOLS DIVISION) MONTGOMERY STREET, BIRMINGHAM I!. 7@/ ViCTorIA 2351/9 


93, Abert Embankment, $.E.11 Telephone RELIANCE 3891/7 
+ STOKE BISHOP 62333 MANCHESTER, Daimler House, Wilmslow Rood, 14 Telephone ; RUSHOLME 2333/4 


CAR Foundry & Enginee Co., (1947) Ltd., Curran Embenkment. 

Telephone : CARDIFF 32701 NEWCASTLE, Mr. C. H. Viles, 12, Holmwood Avenue, Monkseaton, Whitley Bay 
GLASGOW, 46, Carlton Place, C5 0 0 es Telephone : SOUTH 1121/2 Telephone ; WHITELY BAY 24298 
LEEDS, 27A, Butts Court, Albion Street, Leeds, | Telephone : LEEDS 34251 /2 NOTTINGHAM, 5/, Carrington Street Telephone | NOTTINGHAM 47701 


BRISTOL, Mr. W. Barrington, 13, Briercliffe Road, Coombe > le. 


AUTOMOBILE ENGINEER, August 1953 


\ 
4 
ater nd! Shalt hé bc 
\ 
3 
| 
\ 
| 
/ 
Al 
\ 
\ : 
= 
\\ \ 
= 
87 


ALL FGUR ACES IN THE PACK.... 


Skefko are the only British manufacturers of 
all four basic types of rolling bearing. This means, to the 
user, that Skefko can give completely unbiased advice on the 
application of every type of anti-friction bearing, for they are not 
constrained by any manufacturing limitations in their advocacy of 


the right bearing for the job. 


5 


THE SKEFKO BALL BEARING COMPANY LIMITED - LUTON - BEDS 


THE ONLY BRITISH MANUFACTURER OF ALL FOUR BASIC BEARING TYPES: 
ROLLER, TAPER ROLLER AND SPHERICAL ROLLER 
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Spot Dise Brakes 


HERE can be no doubt that the decisive Jaguar 

victory at Le Mans must rank as an astonishing 

performance. It is difficult to assess the value of 

such a success to British prestige, but it will almost 
certainly lead to a further increase in the sales of this car 
in the all-important dollar markets. The performance of 
this 3} litre power unit was the outstanding feature of the 
race. Once again the engine demonstrated superb qualities 
of reliability and durability under most punishing condi- 
tions. We recall with satisfaction our published comments 
when the model was introduced. 

A highly significant factor in the race was the manner 
in which the spot disc brakes, fitted to the Jaguar cars, 
enabled the drivers to exploit the power of the vehicle to 
the full. This opportunity of utilizing in the maximum 
possible degree the power potential of the engine, permitted 
the maintenance of a speed standard that shook other 
contestants. Even so, given drivers equal to the occasion, 
power and overall durability still remain the dominating 
factors. After all, the winning cars were driven harder 
than many of the rivals that cracked up, but they stood up 
magnificently to the most gruelling treatment. 

Manufacturers of heavy and powerful vehicles will now 
be more keenly interested than ever in the spot disc 
brakes. They now seem to have reached a stage when, 
before long, they should make an appearance on certain 
types of production vehicles. We cannot claim an intimate 
knowledge of the work that has been carried out in develop- 
ing these brakes, but there would appear to be two out- 
standing problems; firstly, that associated with the small 
size of the shoe, and secondly the old problem of heat 
dissipation. 

In the case of the first point, it appears to be inevitable 
that the much reduced lining surface must !ead to more 
rapid wear than is associated with the conventional drum 
lining. This could, of course, be partly overcome by 
fitting considerably thicker lining material. In the final 
resort, it could be overcome by arranging for extreme 
simplicity of replacement. In short, the brakes could be 


so designed that the pads could be slipped in and out in a 
matter of moments. They would be regarded as expendable 
material. 

For a given degree of generated heat the dissipation 
characteristics of the spot disc brake will be better than 
those of the drum type, since it is not so shrouded against 
the cooling effect of the ambient air. On the other hand, 
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for a given braking effort, the spot disc brake will probably 
have a higher localized temperature. Fortunately, the disc 
brake is not so susceptible to distortion as the drum and 
high temperatures are not so serious in this respect. 
Whether the cooling effect of the air stream will be sufficient 
to prevent the transmission of excessive heat still remains 
to be seen. 

It appears certain that pressure between the shoe and 
the disc will be more uniform over the contact area. As a 
result, the braking should be more stable, and therefore 
more constant. Consequently, wear should be uniformly 
distributed over the whole contact area. There are other 
subsidiary advantages that make the spot disc scheme very 
attractive, and there can be little doubt that further develop- 
ment work will overcome any problems that may still 
remain to be solved. 

The basic principle is, in any event, so sound that 
rapid development is obviously worth while. To appeal 
to a wider market, the spot disc brake will, of course, have 
to be competitive in cost, light in weight and adaptable 
to the various commercial applications that will be de- 
manded. For use on heavy vehicles, fast coaches and large, 
high speed private cars the demand is obvious. 


Titanium 


LTHOUGH more than seventy metallic elements are 

known today, very few are used by engineers. 

In the British Standards specification no more than 

twenty-six metals are mentioned, and most of 

these are used only in small quantities to form alloys of, 

what may be regarded as the four basic engineering metals, 

iron, aluminium, copper and zinc. Some of the metallic 

elements mentioned in the standards specification are, in 

fact, included only because their presence in certain alloys 
is detrimental. 

Many of the metallic elements are not used in engineering 
because they are available only in small quantities in the 
earth’s crust, but this is not true of titanium. There is, 
in fact, about sixty times more of this element than there 
is of copper. The sole reason why titanium has not been 
more widely used hitherto is that its production from ore 
is still very costly. Experience with aluminium suggests 
that cost will not always remain an insuperable bar to 
wider use. 

One hundred years ago aluminium cost about £125,000 a 
ton, and sixty years ago world production was only 750 
tons per annum. Although it was not until 1940 that 


AUTOMOBILE 


AuGusT 1953 


ENGINEER 


W. J. Kroll showed how to produce ductile titanium in 
quantity, world production to-day is certainly more than 
750 tons per annum and the cost is about £8,000 per ton. 
This price is not, of course, in any sense a guide to what the 
cost may be in five, or even three years’ time. In fact, the 
rapid progress that has been made in the short period since 
production on anything other than a laboratory scale has 
been possible suggests that the metal may well be in general 
use in the not so distant future. 

Some conception of the applications for which it is 
suitable may be obtained from its physical properties. 
The melting point is high, 1,725 deg C, and in the molten 
state the metal is chemically intensely active. In contrast, 
its corrosion resistance at normal temperatures is such that 
it may be used to replace stainless steel, and for equal 
dimensions, a titanium part will weigh about 50 per cent 
less than a stainless steel part. 

Commercially-pure titanium has a 0:2 per cent proof 
stress of about 33 ton/in*; the ultimate strength is approxi- 
mately 39 ton/in® with an elongation of 22 per cent. The 
density of the material is about 57 per cent that of steel 
and 1-7 times that of aluminium. In view of the fact 
that pure iron has an ultimate strength of appreciably less 
than 20 ton/in*, while some alloys containing more than 
95 per cent of iron have an ultimate tensile strength of 
more than 100 ton/in’, it seems likely that alloys of titanium 
of exceptionally high tensile strength may be developed. 

A considerable amount of research has been devoted to 
alloying titanium with other metallic and non-metallic 
materials. Although high tensile strengths may be obtained 
with single alloying elements the elongation is generally 
drastically reduced. Better properties, so far as elongation 
is concerned, are obtained when two or more alloying 
elements are added. For example, when 5 per cent 
Cr, 3 per cent Al and 0-5 per cent C are added, the ultimate 
tensile strength is 70 ton/in*, and elongation 10 per cent. 

Such alloys retain much of their strength at tempera- 
tures at least as high as 400 degC. This characteristic, 
together with their light weight and corrosion resistance, 
makes them ideally suited for pistons and other recipro- 
cating parts subject to high temperatures. However, apart 
from the present day cost of the material, there is one 
serious objection to its use for pistons. This is that the 
bearing properties of the material are very poor, probably 
due to its intense chemical activity at the very high tempera- 
tures obtained locally when two pieces of metal are rubbed 
together. 


Nevertheless, it is possible that the tendency to pick-up 
may be overcome by suitable treatment of the surface. 
For instance, titanium and its alloys may be given a hard 
surface by anodizing. Alternatively they may be case 
hardened by heating in oxygen or nitrogen, for the metal 
forms alloys with these gases, which go into solid solution. 

It is not suggested that orders should immediately be 
placed by component manufacturers for a ton of titanium 
for experimental purposes; the material has not yet been 
developed to a point where it is even approaching the stage 
of being a sound commercial proposition. Nevertheless, 
developments should be watched carefully. 


20 M.P.H. 


ORMALLY, we are not concerned in these 
columns with legislation governing the use of 
vehicles on the road; that is much more the 
province of journals such as Autocar, Bus and 

Coach and Motor Transport. There is however, reason for 
cavilling at the recent decision to maintain the statutory 
limitation of 20 m.p.h. for heavy road vehicles. In our 
opinion this decision is bad both economically and 
psychologically. 

Heavy road vehicles are of major importance in the 
transport of goods, and handling charges are in many 
cases a substantial proportion of total costs. We do not 
suggest that an increase in the permissible speed of heavy 
vehicles would lead to a substantial reduction in costs, 
but the position to-day is such that, any marked saving 
in costs can come only through the cumulative effect of 
many minor savings. 

Psychologically, the limitation to 20 m.p.h. is bad because 
it is so frequently disregarded, and disregard for one law 
only too frequently brings other and better laws into 
contempt. As all road users know, the vast majority of 
heavy vehicle drivers, if not all, habitually exceed 20 m.p.h. 
Nor is it possible that the limitation can be universally 
enforced. Would it not be wiser to recognize this? 

In some quarters there is a belief that the limitation 
serves the interests of road safety. We respect the sincerity 
of those who hold such thoughts, but logic is against them. 
Road conditions vary so greatly that there must be a very 
wide variation in safe speeds. In fact, it is arguable that a 
higher speed limit for heavy goods vehicles would improve 
the safety factor on long distance work since the driver 
would have greater latitude in maintaining schedule. 
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COMPACT ENGINES 


Some Comments on Design for Installations Where Space 


Limitations are of Prime Importance 


last half century every conceivable 

layout for internal combustion 
engines has been tried, and to-day 
major dimensional economies can be 
effected only by the adoption of some- 
what unconventional layouts. Never- 
theless, appreciable advantages may 
also be derived from a combination of 
a number of detail economies, such as 
reducing the height of valve gear, 
unconventional sump arrangements, 
etc, 

It has now been firmly established 
that the four cylinder in line arrange- 
ment with a wet sump is the least 
expensive engine layout suitable for 
private cars. Admittedly, cheaper 
designs may be adopted but they all 
have serious disadvantages. In general, 
any attempt to depart from the con- 
ventional layouts to produce an accept- 
able compact engine automatically 
increases the cost. 

However, there is a tendency to 
consider the cost of the power unit 
only, and such an attitude can be 
misleading. A large engine, apart from 
encroaching on the space otherwise 
available for passengers, requires a 
correspondingly large bonnet and 
longer chassis frame for its accommo- 
dation, and if it is heavy, a more 
substantial structure may be needed to 
support it. Thus, when cost is being 
considered, the installation as a whole 
must be examined. 

In designing an engine for a par- 
ticular installation there are two 


I: is probably true that during the 


important conflicting requirements to 


be considered. One is that the general 
shape of the space into which it is to 
be fitted may call for a flat engine, or 
perhaps a narrow vertical arrangement. 
The other and often overriding 
requirement is that it should be suitable 
for installation in all models of a similar 
size that the company is likely to 
produce for the subsequent fifteen 
years or so, otherwise tooling costs may 
be high. This does not mean that the 
design should be frozen for that period 
of time; but normal development lead- 
ing to improvement must be carried 
out within limitations imposed by the 
basic layout of the engine. 

In private cars, compactness ranks 
among the most important require- 
ments only in a very small vehicle. In 
larger ones styling considerations call 
for the incorporation of a bonnet of 
such a length and size as will give 
balance to the overall artistic concep- 
tion. This is usually adequate to house 
a conventional in line engine. Never- 
theless, the smaller the engine the 
greater the latitude in the general 
design of the vehicle. In commercial 
vehicles compactness is again of prime 
importance, and layout is often largely 
determined by the shape of the space 
into which the unit is to be fitted. An 
outstanding example of the marked 
effect of this influence is the wide- 
spread adoption of the flat, underfloor 
engine. 


Small cars 
Unfortunately, among the design 
requirements of small cars, powered by 


engines of about 900c.c. or less, low 
cost ranks before compactness. There 
are few people, if any, who will pay 
more for a car simply because it is 
small; in fact, they expect to pay less. 
However, as has already been men- 
tioned, the criterion is the cost of the 
whole installation and not just of the 
engine. A number of the continental 
manufacturers have adopted some- 
what unconventional layouts, and 
they have been successful. There- 
fore it would appear that a study 
of the factors involved might be 
rewarding. 

There is much to be said for grouping 
the engine and transmission ecither at 
the front or at the rear end of the car. 
In this way, not only are the expense 
and weight of the long transmission 
avoided, but also the body floor may 
be both flat and low. The elimination 
of the propeller shaft tunnel gives more 
room inside the car and at the same 
time makes the structural design 
problem easier. 

Special considerations govern the 
design of power units for either front 
wheel drive or rear engined small cars. 
So far as front wheel drive is 
concerned, the bonnet inevitably is 
unduly long unless a two cylinder 
engine, preferably in the horizontally 
opposed twin form, or a horizontally 
opposed four cylinder unit is employed. 
There are two reasons for the pre- 
ference for a horizontally opposed lay- 
out. First, the overall length is less, 
and secondly the balance is better, as 
may be seen from the following list of 


On the Citroen 2CV, the dynamo is driven directly by the front 
end of the crankshaft, as may be seen from this illustration 


of the sectioned engine 


One of the disadvantages of air-cooled engines for motor cars 
is that a relatively ae capacity blower must be incorporated 


or cooling purposes 
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THE 750 c.c. RENAULT ENGINE 


The overall dimensions of this unit are 212 in long, by 204 in deep over the sump drain plug 
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and 


breather filter, by 124 in wide without the fan 


unbalance forces and couples for 
engines with 180 deg crank throws. 

Vertical twin: primary couple and 

secondary force. 

Opposed twin: primary and secondary 

couples. 

Vertical four: secondary force. 

Opposed four: secondary couple. 

The couples are not so great in the 
opposed engines because of the 
decreased length of this type of unit as 
compared with in line ones. It may be 
difficult to accommodate a horizontally 
opposed engine between the full lock 
positions of the wheels but, where this 
arrangement is possible, access from 
the side may be satisfactory or even 
good when a front wheel is removed. 
Firing impulses are uneven with a 
180 deg crank arrangement, but if the 
90 deg crank, which is better from this 
point of view, is adopted, unbalance 
primary forces are introduced. These 
forces may be partly balanced 
by suitable adjustment of the 
rotating masses on the crank- 
shaft. However, lateral un- 
balance forces are then 
unavoidable, even though they 
are only about half the mag- 
nitude of the primary forces 
before these were partly 
balanced. 

Another requirement of the 
small front wheel drive car is 
that the front wheels must be 
as far forward as possible. 
This is to avoid encroachment 
by the wheel-arches on the 
toeboard width. As a result, 
it is almost essential with a flat 
four, and certainly desirable 


with a flat twin cylinder arrangement, 
to interpose the final drive between 
the clutch and the gearbox. With this 
arrangement a long slender shaft is 
necessary to transmit the drive from 
the clutch to the gearbox, and torsional 
vibration and fatigue troubles may be 
experienced unless the appropriate 
measures are taken at the design stage 
for their avoidance. 

In fact, most of the objections to 
both front wheel drives and rear 
engined cars are concerned with diffi- 
culties in transmission design. How- 
ever, discussion of these is outside the 
scope of this article. That they can 
be overcome is evident from the 
success of cars of this type produced on 
the continent. 

The layout problems associated with 
the rear engine arrangement are much 
the same as those already outlined in 
connection with front wheel drive. 


The Renault gearbox and final drive unit is 163 in long so that the 
total length of the engine and transmission is 38} in 


~ 


Perhaps the main difference is that, 
from the point of view of accessibility, 
the engine must be behind the wheels 


instead of in front. Transmission 
problems are much the same, except 
that they are simplified by the fact that 
the wheels are not steered, and this 
makes easier the accommodation of a 
horizontally opposed engine. Although, 
in most rear engined cars, a vertical 
power unit is better because it is more 
accessible, the short overall length that 
may be obtained with a_ horizontal 
engine is most desirable because it 
helps to keep the centre of gravity of 
the vehicle further forward. This is 
a critical consideration in cars of this 
type because of their oversteering 
tendency. 

Adverse weight distribution might be 
offset by employing an _ underfloor 
engine installation. A glance at the 
illustrations showing the Dyna 
Panhard twelve cylinder hori- 
zontally opposed air-cooled 
engine will show the possi- 
bilities of such an arrange- 
ment. With two horizontally 
opposed cylinders, the overall 
depth of the engine need not 
be more than nine inches, 
although it may be difficult to 
accommodate the flywheel in 
this space. The need to 
position the auxiliaries at the 
front and rear might lead to 
difficulties so far as overall 
length is concerned, particu- 
larly if an air-cooled engine 
were employed. In a water- 
cooled unit a thermo-syphon 
cooling system with an uncon- 
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ventional shape radiator block might 
be suitable. 

There are two positions under the 
floor where a horizontally opposed 
twin cylinder engine might be installed. 
One is under the rear seats and the 
other is under the front seats. In both 
places the floor can be raised approxi- 
mately to the level of the seat pan, and 
for servicing, access could be gained 
either by hinging up the pan, or 
through a removable panel. It need 
hardly be added that such installations 
would almost certainly be noisy. 

Apart from the improved weight 
distribution there are a 
number of advantages to be 
gained with an underfloor 
installation. One of the 
principal objections to the 
rear engined car, the lack of 
luggage space, would be 
overcome, and the weight 
distribution could be even 
better than in a normal lay- 
out. Moreover, with the 
engine under the front seat, 
it might be possible to elim- 
inate the additional universal 
and sliding joints necessary 
in both front or rear engined 
cars and, in addition, the 
control problem would be 
eased. However, in very 
small cars the rear pas- 
sengers’ feet are usually 
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The oil tank is cast integrally with the crankcase of the 692c.c. Royal Enfield Meteor engine 


accommodated under the front seats, 
and this would be difficult with such 
an arrangement, although the front 
seats could be positioned further 
forward. If the engine were under the 
rear seat, a conventional transmission 
train could be employed, that is, the 
final drive could come behind the gear- 
box instead of between it and the 
clutch. Swinging half shafts would be 
needed unless the engine and transmis- 
sion unit could be pivot mounted on a 
transverse axis through the centre of 
gravity, which arrangement would 


introduce some formidable problems. 


The oil filler tube may be seen projecting from between the 
gearbox and engine timing cover of the Royal Enfield Meteor 


It is usual to assume that if uncon- 
ventional arrangements such as under- 
floor engine layouts were practicable, 
they would have been adopted years 
ago. However, conditions change as 
progress is made, and there are two 
factors that make it worth while now 
to re-examine the problem. One is that 
output in terms of horsepower per litre 
has increased considerably of recent 
years and this, together with other 
developments, has led to a marked 
improvement so far as compactness is 
concerned. The second is that recent 
improvements in chassisless construc- 
tion have led to a general 
clearance of obstruction 
from the underfloor space. 
It may well be that, despite 
these changes, there is still 
not enough room for the 
engine and transmission 
except at the extreme front 
or rear. Nevertheless, the 
idea should not be dismissed 
without careful study. 

What effect a centrally 
positioned engine would 
have on road holding and 
ride is difficult to predict. 
Directional stability would 
most likely be adversely 
affected, although control 
ought to be lighter. It would 
appear that the effective ratio 
of sprung to unsprung mass 
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On the Dyna Panhard 12 cylinder, horizontally opposed, air-cooled engine, the inlet and 
exhaust manifolds are more or less in line with the cylinder axes, and the torsion bar valve 
springs extend downwards 


would be lower than if the engine 
were directly over the wheels. 
might be detrimental to ride. 


This 


Air or water cooled 

There is litthke doubt that the air- 
cooled installation, because no radiator 
is needed, is the lighter and more 
compact arrangement. This is prob- 
ably the main reason why it has been 
adopted in the Citroen 2CV, Volkes- 
wagen, Dyna Panhard with the hori- 
zontally opposed twin cylinder engine, 
and the Nardi, in which the Dyna 
Panhard engine is used. The principal 
disadvantage of the air-cooled engine 
is that it is generally noisy. Whether 
or not this difficulty can be overcome 
by insulating the engine compartment 
remains to be proved, but the adoption 
of elaborate measures is hardly likely 
to be practicable in cars that are to be 
produced inexpensively. 

So far as cost is concerned, there 
would appear to be little to choose 
between the two cooling systems. Air 
cooling eliminates the water pump and 
drive but introduces a fan, ducts and 
baffles. Water jackets are not employed, 
but with cast fins the overall cost is 
probably about the same, and if the fins 


On the rear engined Volkeswagen the blower, as well as supplying 


are machined to obtain close spacing it 
is certainly more. The radiator, water 
pipes and thermostat are not required, 
but air-cooled engines run hotter so 
that a dry sump lubrication system 
must be employed, and this usually 
involves installing a separate oil tank 
and pipe connections. Such an arrange- 
ment costs more than a simple pressed 
steel sump. Moreover, a scavenge oil 
pump must be added and possibly an 
oil cooler as well. 

Unless siamesed cylinders are 
employed in a water-cooled engine, 
the minimum distance between the 
walls of adjacent cylinders is about 
in. This is approximately the same 
as that obtainable between air-cooled 
cylinders, although with air-cooled 
engines the tendency is for the space 
requirement to be slightly larger. 
Siamesed cylinders are employed suc- 
cessfully by some manufacturers, but 
many prefer to avoid this arrangement 
because of the distortion problems that 
may arise. 


General design 


It has already been stated that once 
the general layout has been decided 
further gains can only be of much 
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significance if they are the cumulative 
results of a number of small improve- 
ments. This is because nearly all 
engines in the quantity produced cars 
made in this country are almost as 
compact as they can be made without 
introducing undesirable features. In 
fact, almost every change that might be 
made, can only be effected if increased 
costs are acceptable. 

Nevertheless, it must be pointed out 
once again that costs should be 
assessed with regard to the whole 
installation, and not only from the 
restricted point of view of detail design. 
Moreover, there are occasions when 
some expensive features must be incor- 
porated in the engine in order to make 
practicable a more suitable overall 
vehicle layout, which otherwise could 
not possibly be adopted. In other 
words, good design is nearly always a 
compromise. 

Where compactness is of prime 
importance it is suggested that the best 
procedure would be to prepare a lay- 
out, and arrange all the details almost 
regardless of cost considerations. Then, 
having achieved the greatest possible 
degree of compactness, decisions must 
be taken as to what compromises are 
to be introduced to make the unit a 
sound commercial proposition. Only 
in this way is it likely that appreciable 
saving in space will be effected. 

The first stage in the design process 
is to decide what the swept volume 
shall be. This will be determined from 
the power needed and the b.h.p./litre 
to be expected. The b.h.p./litre will 
depend to a large extent on the valve 
gear and combustion chamber arrange- 
ment, and whether a two stroke or four 
stroke engine is contemplated. 

In small engines the number of 
cylinders and their layout will be 
determined by three main considera- 
tions. The shape of the space available 
will dictate whether a vertical or 
horizontal engine is to be employed. 
A large number of cylinders adds to 
the cost and, because of the need to 
accommodate the cylinder walls and 


This view from the front of a sectioned Volkeswagen engine shows 


in which the starter 


the transmission arrangement and the way 


cooling air to the cylinders, also serves an oil cooler which may be 
motor is mounted to the rear of the flywheel 


seen here, since the ducting has been removed 
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cooling spaces around them, the fewer 
the cylinders the shorter the engine. 
On the other hand, smoother running 
can be obtained with a multi-cylinder 
unit. If an exceptionally high perfor- 
mance is required, it is advisable to 
use smaller cylinders in order to reduce 
the length of flame travel in the com- 
bustion chambers and thereby offset 
any tendency to detonation. 


Length 

There are three features that have 
a major influence on the overall 
length of an engine. One is the spacing 
of the cylinder axes, another is the 
journal bearing lengths, and the third 
is the valve gear arrangement. Cylinder 
spacing is largely dependent on the 
bore:stroke ratio adopted, while bearing 
length is affected by: bearing diameter 
and engine speed. The object, there- 
fore, is to obtain a good all-round 
compromise between these two 
features. 

Very close cylinder spacing has been 
obtained with wet liners inserted from 
below into an integral cylinder block 
and head unit. The upper end of the 
liners may be spigoted into recesses in 
the head and rubber sealing rings are 
fitted round the flanged lower ends. 


This layout eliminates dimensional 
restrictions imposed by practical con- 
siderations concerning coring and 


casting, but it is expensive. 

Since swept volume varies as the 
square of the bore and directly with 
the stroke, a reduction in the length 
of the stroke only calls for a relatively 
small increase in the bore to maintain 
the same swept volume. On the other 
hand, bearing loads, and therefore 
bearing lengths, decrease approxi- 
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All the auxiliaries are mounted on the ends of the Dyna Panhard 12 cylinder engine. 
In certain installations this could make them readily accessible 


mately in direct proportion to the 
stroke reduction. Thus, if two curves, 
one showing the variation of bore and 
the other of bearing length with stroke, 
are superimposed, the point where they 
cross. will indicate the optimum 
bore:stroke ratio, so far as engine length 
is concerned. To one side of this point 
the engine will be longer than is neces- 
sary to accommodate the bearings; on 
the other side it will again be longer 
than it need be, but this time the 
bearings will be so long as to lead to 
wider cylinder spacing than is 
necessary. 

Another variable, namely engine 
speed, must also be taken into account. 
Power output, within limitations 
imposed by breathing requirements, 
varies directly with r.p.m. On the 
other hand, bearing loads and therefore 
lengths vary as the square of the 
r.p.m. Thus, a high engine speed is 


The dynamo is mounted at one end of the Dyna Panhard engine 


required to obtain the greatest possible 
power output per litre but, where com- 
pactness is essential, a positive limit is 
reached when the bearing length needed 
to keep the bearing pressure down to 
the permissible level exceeds that 
which may be accommodated within 
the length of the cylinder block. Under 
certain conditions, valve port area may 
also be decisive, since this area must 
be increased in direct proportion to 
engine speed; this aspect will be 
discussed later. 

It is well known that lead bronze 
bearings are capable «if withstanding 
appreciably higher prvssures and can 
therefore be smaller than white metal 
ones. From this it is reasonable to 
assume that in a compact unit the 
bearings will be of lead bronze. There 
is a limit below which the length of a 
bearing cannot be reduced; this limit 
is imposed by difficulties associated 
with the distribution of oil over the 
rubbing surfaces and its retention in 
the bearing. The limitation is even 
more marked when lead bronze is 
used, because greater radial clearances 
have to be adopted. Small bearing 
areas lead to greater mechanical 
efficiency. Although the increase in 
efficiency obtained in this way is 
unlikely to lead to a_ noticeable 
economy in engine size, the cumulative 
effects of a number of measures may 
be appreciable. 

Minimum bearing diameters are 
determined largely by crankshaft 
strength and _ stiffness requirements. 
The shorter the crankshaft the smaller 
the diameter. Shortening the stroke 
increases the stiffness by bringing the 
crank pins and main journals close 
together. If the bearing area is kept 
constant, the frictional torque at a 
given rotational velocity decreases as 
the diameter is reduced, not only 
because of the reduced length of torque 
arm but also because of the reduced 
rubbing velocity. Therefore, from 
the point of view of mechanical 
efficiency, it is desirable to keep the 
diameter as small as possible. 

Nitralloy steel crankshafts probably 
have the highest fatigue resistance of 
all the materials currently in use and 
they may therefore be made smaller. 
The nitrogen hardening process gives 
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excellent wear resistance, 
moreover, it increases the 
fatigue resistance by as much 
as 20 per cent. This material 
is particularly suitable for 
applications where high 
bearing pressures are likely 
to be experienced, and 
where lead bronze bearings 
are to be employed. 

Roller main journal bear- 
ings may be used to reduce 
overall length, but they are 
both expensive and noisy. 
An outstanding example of 
length reduction was to be 
found in an early Maybach 
design in which the rollers 
ran directly circular 
crank webs. In this way, the 
bearings and webs were 
made coincident; thus the 
saving per pair of cylinders, arrangements would appear 
so far as length was con- to be ideal. 
cerned, was equivalent to Roller bearings are some- 
the thickness of two crank- The Dyna Panhard, 745 c.c. engine installed in the vehicle which  {jimes employed in big ends, 
webs. However, peripheral 45 the winner on handicap and in its own class in this year’s but the arrangement tends to 
speeds are likely to be high race at Le Mans be rather heavy and it is 
with this arrangement. difficult to keep down the 

A number of combinations of roller, to have only two main journals, one at overall diameter. Moreover, if engine 
ball and plain bearings are employed each end of the shaft, and the flywheel speeds are high, trouble may be experi- 
on motor cycle engines. On single’ is either integral with the shaft or enced through the rollers being flung 
cylinder units, a single ball bearing is bolted on to it between the two cranks. outwards by centrifugal force. Where 
often employed at the timing gear end As may be seen from the illustrations they are employed, they often bear 
of the crankshaft to take the thrust as showing the B.S.A. and Enfield vertical directly on the crank pin and have an 
well as the journal loading, and a roller twin engines, this arrangement leads _ outer race in the big end. One manu- 
bearing is fitted at the drive end. to a considerable reduction of crank- facturer employs a three row bearing, 
In twin cylinder engines, it is usual shaft length because the flywheel is the rows being separated by spacer 


accommodated in the space, 
which in any case cannot 
be reduced, between the 
cylinder axes. Cast crank- 
shafts are often employed 
with this layout. 

Where an_ intermediate 
bearing is employed, it is 
usually plain. Roller bear- 
ings are sometimes used but, 
if they have to be threaded 
over a one-piece crankshaft, 
their diameter is large and 
therefore peripheral speeds 
are high. Moreover, it may 
also be necessary to fit 
divided distance rings round 
the shaft to take up the space 
between the inner race and 
the journal, otherwise a 
built-up crankshaft must be 
employed. Neither of these 
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The flywheel of the B.S.A., 646c.c. Golden Flash engine is bolted to the crankshaft and is positioned between the two connecting rods 
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rings. In this way the overall 
diameter is kept as small as 
possible. Oil is often fed to 
the big ends at a low pres- 
sure, but main journals are 
usually lubricated by 
splash. 

On in line and horizon- 
tally opposed four cylinder 
engines in which a four- 
throw crankshaft is fitted, an 
intermediate bearing must 
be employed. Although in 
some earlier units, there 
were only two bearings, the 
loads on modern high speed 
engines are now too great for 
such an arrangement to be 
practicable. The loads on the 
centre bearing must also be 
relieved by fully balancing 
the crankshaft. 

Because of the need to 
accommodate an__inter- 
mediate bearing, the 
reduction in length obtained 
by adopting a flat four design 
is not so great as might at first be 
supposed. The offset of the opposing 
cylinders is increased by the thickness of 
the crank web as well as by that of two 
halves of a big end bearing. A slight 
reduction in length can be obtained by 
offsetting the connecting rods in each 
pair of opposed cylinders towards each 
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A hot-spot is incorporated below the riser pipe for the single 


carburettor of the Hotchkiss Gregoire engine 


other, that is, to one side of the centre 
of their big end bearings. How- 
ever, the amount that can be gained 
in this way is only about 3) in 
per connecting rod. The Jowett Javelin 
and the Hotchkiss Gregoire engines, 
shown in the accompanying illustra- 
tions, are examples of designs of the 
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flat four type. In the case of 
the Jowett Javelin, the bore 
and stroke are 725mm and 
90mm _ respectively. The 
overall dimensions of the 
unit are as follows: width 
324 in over the rocker cover 
retainer bolt heads; height, 
19 in to the top of the water 
outlet, which is integral with 
the timing cover, or 26} in to 
the thermostat housing above 
the fan drive spindle; length, 
16} in from the rear of the 
crankshaft to the front of the 
starter dogs. Study of these 
two illustrations will show in 
what the lay- 
out is more expensive than 
a conventional four in line 
cylinder arrangement. One 
feature that is worthy of 
special mention is the Jowett 
cooling system which is par- 
ticularly well planned. The 
coolant flow is from the 
radiator bottom tank, through 
separate pipes to the rear of each 
cylinder block, which it enters near the 
top and towards the head. These pipes 
are short because the radiator is behind 
the engine. After circulating through 
the heads and blocks, the water passes 
out through ports high up in the front 
of each block to passages cast on each 


In the B.S.A. Golden Flash engine, which has a bore and stroke of 70 mm and 84 mm respectively, the tappets are carried in pairs to fit 


in the space available between the two cylinders 
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The twin downdraught carburettor arrangement of the Jowett 
Javelin is good from the point of view of accessibility and of 
induction system efficiency 


side of the timing cover. These pas- 
sages unite at the top in a vertical outlet, 
on which is a short hose connection to 
the water pump. A full description of 
this engine was given in the October 
1948 issue of Automobile Enginer. 

Two downdraught carburettors are 
employed on the Jowett, one on each 
cylinder head unit, but on the Hotch- 
kiss a single downdraught carburettor 
is mounted above the centre of the 
engine. It is bolted to a rather long 
arched inlet pipe under which is a hot- 
spot casting. The exhaust from one 
side of the engine is carried through 
another arched pipe and the hot-spot 
casting, to join the exhaust pipe from 
the cylinders on the other side. The 
hot-spot doubtless is of some advantage 
for running under very cold conditions, 
but the arrangement is somewhat com- 
plicated and it interferes to a certain 
extent with accessibility. 


On the Triumph Speed Twin, an A.C. generator, driven directly 
by the crankshaft, is mounted in the primary chain cover 
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There are ways 
of eliminating the 
offset of cylinder 
axes in horizon- 
tally opposed 
engines. However, 
not only are they 
generally expen- 
sive, but other 
problems are in- 
troduced, notably 
in connection with 
lubrication. A 
method that was 
adopted many 
years ago in an 
A.B.C. horizon- 
tally opposed twin 
cylinder engine 
was to use a three- 
throw crank. The 
centre crank pin 
was about twice 
the width of the 
two side ones and 
it carried the 
big end of the 
connecting rod for 
one cylinder, 
while the two 
outer pins carried 
two more con- 
necting rods. The small ends of both 
of these rods were mounted on the 
gudgeon pin in the piston of the other 
cylinder. If this arrangement were 
used in a unit of high power output, the 
narrow bearings presumably would give 
rise to some lubrication difficulties, 
moreover, it is somewhat complicated. 

Another method is to use a single 
throw crankshaft to carry the two con- 
necting rods either with one forked big 
end, between the prongs of which is 
the plain big end of the other rod, 
or with the two big ends side by side 
on the crank pin. Much the same 
objections and difficulties arise with 
these arrangements as with the A.B.C. 
method but, in addition, some fairly 
heavy out of balarce forces are 
experienced. 

Valve gear design, as has already 
been stated, may also have an effect 
on the overall length of the engine. 
Undoubtedly the 
simplest and least 
expensive ar- 
rangement is the 
cne in which all 
the valves are in 
one straight line. 
With this arrange- 
ment a_ single 
rocker shaft mav 
be employed, and 
all the push rods, 
tappets and their 
housings are also 
in line, so that 
machining etc. is 
simplified. In 
some engines, the 
valve seats over- 
lap the cylinder 
bore by a small 
amount, but there 
is a limit to the 
advantage that 
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can be gained by this measure. This 
limit is imposed not only by the con- 
siderations of gas flow and combustion 
chamber shape, but also because of 
the need to maintain a_ reasonable 
width of gasket between the cylinder 
bores. Larger valves, leading to 
improved volumetric efficiency, may 
be used with spherical or penthouse 
type combustion chambers. However, 
this arrangement complicates the valve 
operating mechanism. 

An inexpensive way of accommodat- 
ing valves larger than may be seated 
within the limits imposed by the bore 
size is to use an F-head layout. With 
this, it is usual to have overhead inlet 
valves and side exhausts. In this way, 
the inlet ports are directed conveniently 
upwards to the carburettor and the 
exhaust ports downwards to the exhaust 
pipe. The F-head arrangement has 
the disadvantage that it is far from 
ideal from the point of view of com- 
bustion efficiency. 

There are other features which affect 
the length of an engine. For instance, 
a small increase in flywheel diameter 
will enable a marked reduction to be 
made in its thickness. The length 
occupied by the water pump can be 
reduced, as in the Austin A30, by 
spigoting it into the front of the 
cylinder block. In this engine a semi- 
shrouded rotor is employed, with the 
shroud at the rear, so that there is no 
need for a wall to close the back of the 
pump casting. 


Height 
Among the various factors that affect 
the height of a vertical engine, the 
bore:stroke ratio is important. This is 
because an increase in bore and con- 
sequent reduction in stroke enables a 


The Austin A30 water pump is spigoted 
into the front of the cylinder block 


AuGust 1953 


The Velocette water-cooled, horizontally opposed, twin cylinder 
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engine is particularly silent running 


reduction to be made in the connecting 
rod length since the ratio connecting 
rod length:stroke will remain substan- 
tially constant. For a given compression 
ratio, the height of the compression 
space above the piston at top dead 
centre is also reduced. The limit to 
the amount by which the stroke may 
be reduced is often determined by the 
clearance, at bottom dead centre, 
between the piston skirt and_ the 
balance weights on the crankshaft. The 
length of the piston skirt below the 
bottom compression ring should be no 
less than } of the bore, and it is better 
if % of the bore can be allowed. 

Valve lift is determined largely by 
considerations of breathing efficiency. 
Often it is not realized that reducing 
the valve lift has a twofold effect. 
Firstly, the restriction of the aperture 
prevents the attainment of the optimum 
volumetric efficiency, and secondly it 
lowers the orifice coefficient and further 
reduces the flow of gas into the cylinder. 


On the Triumph Terrier, the rectifier and coil are mounted 
under the saddle, and an A.C. generator is housed in the primary 
chain cover where it runs in oilmist 


In overhead valve engines it is 
possible to arrange the pivot axis of the 
rockers so that the highest points of the 
whole mechanism are the tops of the 
tappet adjusting screws. This is current 
practice on most engines. Various 
forms of valve spring, such as the 
hairpin and torsion bar types, may be 
used to reduce the height of the engine 
relative to that which would sometimes 
be necessary to house the relatively 
long coil springs. However, both these 
devices were originally developed for 
air-cooled engines because springs of 
these types may be positioned well out 
in the airstream so that they will not 
lose their temper. Coil springs are 
generally well recessed into the top of 
water-cooled cylinder heads, and in 
any case, it is often possible to reduce 
the spring length by increasing its 
overall diameter. 

The height of the cylinder head is 
determined by the valve ports and the 
valve guides. A compact arrangement 
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A pull-up lever, instead of the usual kick starter, is used on the 
Velocette 


may be obtained with a hemispherical 
or penthouse type of combustion 
chamber. ‘The advantages of this 
layout are that the valve ports are not 
so curved, and the valve guides are 
inclined at a fairly large angle from the 
vertical so that they may be fairly long 
without occupying a large amount of 
vertical space. 

An appreciable saving in height can, 
of course, be effected by using side 
valves. The modern trend is towards 
the almost universal adoption of over- 
head designs, but this is partly because 
of the inaccessibility of side valve gear 
on vertical in line engines. This objec- 
tion does not apply to horizontally 
opposed engines when the tappet chest 
is at the top. It is still open to objection 
because of relatively poor combustion 
efficiency, but the flexibility of the side 
valve engine is a good feature on very 
small cars which may be somewhat 
underpowered. Moreover, it is rela- 
tively inexpensive. 


The Douglas Vespa has a blower on the right-hand side for supplying 
cooling air to the cylinder, and the gearbox casing is formed by 
an extension of the crankcase casting 


The bore and stroke of the Corgi are both 50 mm, and the overall 
depth of the engine is only 7} in 


The two-stroke engine has much to 
commend it from the points of view 
both of compactness and of simplicity. 
The principal disadvantages of this 
system are a tendency to four-stroking 
and stalling at low speeds, a_ high 
brake specific fuel consumption under 
light load, and its noise. The brake 
specific fuel consumption can be made 
comparable with that of a four-stroke 
engine by employing petrol injection. 
Most of the injection equipment 
currently in use is expensive, but 
because of the low pressures involved 
in equipment for this type of engine 
it might be practicable to use a bellows 
type of injection pump instead of the 
conventional barrel and _ plunger 
arrangement with its close manu- 
facturing tolerances. The output per 
litre of a modern two-stroke engine 
compares more than favourably with 
that of four-stroke units. For instance, 
the three cylinder Hanomag engine, 
which has a swept volume of 697 c.c., 
develops 40 b.h.p./litre; the two 
cylinder 594 c.c. Gutbrod develops 
38-6 b.h.p./litre, and a figure of 38-0 is 
obtained with the three cylinder 
896 c.c. Auto Union D.K.W. 

At the base of the engine, economy 


The B,S.A. Golden Flash 646 c.c., twin cylinder engine 
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in vertical space is often obtained by 
using a blister type sump, that is, one 
with its sides and front end extended 
outwards. This type of sump is usually 
cast, because of the difficulty of 
avoiding leaks with the alternative 
construction in which it is pressed in 
two pieces and welded together at a 
joint in a vertical plane. Whichever 
method of manufacture is employed, 
the cost is appreciably higher than that 
of a simple dished steel pressing. 
Another method of economizing in 
height is to cast the sump integrally 
on the side, front of the crankcase, or 
on the rear as in the Enfield engine 
illustrated. This is a dry sump system, 
so both a scavenge and pressure oil 
pump must be employed. Neverthe- 
less, it is not such an expensive layout 
as those in which a separate tank is 
used. Moreover, there is no danger 
of failure of the lubrication system as 
a result of broken pipes or connections. 

In horizontally opposed engines the 
height can be reduced by arranging the 
inlet and exhaust manifolds in such a 
manner that they are in line with the 
cylinder axes, as on the Dyna Panhard 
12 cylinder engine illustrated. This 
restricts the accessibility to the valve 
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The rockers are readily accessible on the Douglas horizontally 
opposed air-cooled, twin cylinder engine 


gear, and it is no doubt one reason for 
the incorporation of torsion bar valve 
springs in that unit. 

Further reduction in height on 
horizontally opposed engines, as well 
as reduction in width on vertical units, 
can only be gained by positioning the 
accessories at the front and rear. On 
both the 12 cylinder Dyna Panhard 
and the Citroen 2CV the dynamo is 
driven directly by the front end of the 
crankshaft. The cooling fan on the 
Citroen is mounted in front of the 
dynamo and serves an oil cooler as 
well as the air-cooled cylinders. The 
starter is not so easily accommodated, 
but in some cases it might be possible 
to construct the flywheel in the form 
of an internally toothed annulus, to 
engage the starter motor pinion, 
thereby bringing the axes of the starter 
and crankshaft axes closer together. 
With such an arrangement the starter 
would, of course, be bolted to the rear 
face of the flywheel casing. 

Considerable economies might be 
obtained by dispensing with the starter 
motor altogether. Then it would be 
possible to use a much smaller battery. 
The crankshaft could be turned either 
by means of a pull-up lever, such as 


The two cylinders of the Sunbeam $7 are siamesed 
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On the A.J.S. Porcupine, the finning on both the head and the 
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barrel is parallel to the cylinder axes 


may be seen in the illustration of the 
flat twin, water-cooled Velocette, by a 
kick-down type starter, or by an 
ordinary hand crank. 


Motor cycle engines 

Motor cycle manufactuzers are most 
concerned with compactness, and for 
this reason their designs are of interest. 
In general, the output in terms of 
b.h.p./litre obtained from a motor 
cycle engine is very high; this leads to 
considerable saving in space. There are 
a number of reasons why such a high 
specific power output can be obtained 
from motor cycle engines, one being 
that induction systems are usually 
much simpler than on cars, and 
another is that overhead valves with 
hemispherical combustion chambers 
are frequently employed. The incen- 
tive towards development on_ these 
lines arises from the fact that in this 
country motor cycle taxation is based 
on swept volume. However, the lengths 
to which some motor cycle designers 
go in order to obtain compactness 
demonstrates that in this class of 


On the Vincent Black Shadow the carburettor for the front 
cylinder is on the left, while that for the rear is on the right 


vehicle economy of space often is even 
more important than the cost of the 
product. The accompanying illustra- 
tions show examples of many of the 
layouts employed. 

An interesting feature of the 
149-3 c.c. Triumph Terrier is its elec- 
trical system. A Lucas A.C. generator 
is totally enclosed by the primary chain 
cover and is used in conjunction with 
a rectifier. This generator is of the 
rotating magnet type, the rotor unit 
being on one end of the crankshaft. A 
rotating magnet unit is essential since 
it has to run in oil splash and mist, 
so carbon brushes and commutator 
rings are out of question. The unit 
is of relatively large diameter and short 
length so that it may be accommodated 
in the space available. The stationary 
part of the generator is bolted to the 
primary cover in a similar manner to 
that shown in the illustration of the 
Triumph Speed Twin generator. Coil 
ignition is employed and, for emer- 
gency starting when the battery is flat, 
a switch is incorporated in the circuit 
to direct the current through the 


The rockers of the twin cylinder, A.J.S. Porcupine are in an 


accessible position 


rectifier to the coil. In the illustration 
of the Terrier, the rectifier may be seen 
with the coil above it under the saddle. 

Engines in which the cylinder axis is 
parallel :o the longitudinal axis of the 
vehicle are of some interest. Among 
these are the two-stroke Corgi, the 
overall depth of which is only 7} in. 
This engine has a bore and stroke of 
50mm by 50mm. The 125c.c. two- 
stroke Douglas Vespa, with a bore and 
stroke of 56-5 mm x 49-8 mm, occupies 
more space vertically because it is 
designed to suit an installation having 
a direct gear drive instead of a chain 
drive. 

A more conventional installation of 
this type is the A.J.S. Porcupine. This 
is a horizontal twin engine. The 
cylinders are side by side, with their 
axes parallel to the longitudinal axis 
of the machine. The cylinder heads 
face forward, so that not only are they 
well cooled but the overhead valve gear 
is in an exceptionally accessible posi- 
tion. The fins on the cylinder barrels 
of the Porcupine, unlike those of the 
single-cylinder Corgi and Vespa units, 


The valve springs are above the rockers and stepped valve stems 
are employed on the Black Shadow 
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One cylinder block is used for the Lancia Appia V-four engine 


are arranged longitudinally instead of 
around the periphery. All three 
engines have fins arranged longitu- 
dinally on their cylinder heads. 

A number of different twin cylinder 
layouts are employed. The 692 c.c. 
Royal Enfield Meteor is an example of 
a twin side-by-side arrangement. It is 
particularly interesting because the oil 
tank is cast integrally with the crank- 
case, which is split vertically along its 
longitudinal centre line. The highest 
oil temperature which has been 


Two crankshafts are employed in the Ariel Square Four and they 
are geared together 180 deg out of phase 


measured on bench tests of this engine 
is about 180deg F. Moreover, no 
trouble has been experienced on long 
distance races, so the arrangement is 
evidently satisfactory. 

In common with most of the vertical 
twin engines, this unit has a single- 
throw crankshaft. Although vertical 


out-of-balance forces are greater than 
they would be with a 180deg crank 
arrangement, the torque is more even 
since the cylinders fire on alternate 
The bore and stroke of this 


strokes. 
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engine are 70mm and 90mm respec- 
tively and the overall depth is approxi- 
mately 20in. A cast crankshaft is 
employed with an integral flywheel 
between the two crank pins. It is 
carried in a roller bearing on the tim- 
ing gear side of the crankcase and a 
ball thrust bearing on the drive side. 

Another vertical twin arrangement 
may be seen in the illustration showing 
the B.S.A. Golden Flash. This is a 
646 c.c. engine with a bore and stroke 
of 70mm and 84mm respectively. Its 
overall depth is approximately 21 in 
and its width is 13} in. The crankshaft 
arrangement is much the same as that 
employed in the Royal Enfield Meteor, 
but the flywheel is bolted on. With all 
engines of this type it is desirable, of 
course, to have a timed breather, since 
an unduly large amount of oil tends to 
be lost through an open type breather. 
That on the Golden Flash opens at 
84deg 25min after top dead centre 
and closes 33 deg 34min after bottom 
dead centre. 

Another example of a two cylinder 
layout may be seen in the illustration 
of the 487c.c. Sunbeam S7. This 
engine is of particular interest because 
its layout is in many respects some- 
what similar to that of a car unit, 
although in some details it is not. The 
two cylinders are in line and the crank- 
shaft is parallel to the longitudinal axis 
of the motor cycle. The unit is rubber 
mounted, and the final drive is taken 
through a shaft that has a needle roller 
universal joint at the rear and a flexible 
coupling at the gearbox end. There 
are, in effect, two flywheels; one is 
formed by the crankshaft balance 


The push rods of the Ariel Square Four are housed in a transverse 
plane between the front and rear pairs of cylinders 
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weight between the cylinders and the 
other, on which is mounted a single 
dry plate clutch, is at the rear. 

The differences between this engine 
layout and most car units have arisen 
mainly because of the need to restrict 
the overall width. For instance, the 
Lucas 45L generator is driven directly 
from the front of the crankshaft, and 
a Lucas A654 distributor is driven 
from the rear of the overhead cam- 
shaft. A jin pitch chain drive for the 
camshaft is taken from a gear and 
sprocke: at the back of the engine. The 
sprocket is on the front of the gear 
which engages another gear on the rear 
end of the crankshaft. This arrange- 
ment allows a fairly short chain to 
be used and the reduction to half 
speed is effected in the gearing 
instead of by means of the sprocket, 
so that the width of the space occupied 
by the chain is reduced to a minimum. 
An automatic chain tensioner is 
employed. ‘The cams bear directly on 
the ends of the valve rockers. 

Aluminium cylinder barrels and 
heads are used in conjunction with 
slip fit Brivadium liners. The bore and 
stroke are 2} in and 2} in respectively, 
and alternative compression ratios of 
6-8:1,6-5:1 or 6-21 are available. A single 
throw crankshaft is employed. The 
front journal is carried by a deep 
groove ball bearing, and at the rear a 
Glacier white metal shell-type bearing 
is employed. The connecting rods are 
of light alloy with Vandervell shell- 
type big end bearings. 

The cylinders, which are integral 
with the crankcase, are siamesed and 
the head is also in one piece. Presum- 
ably this arrangement would not be 
practicable if it were not for the high 
thermal conductivity of aluminium. 
The manufacturers state that the rear 
cylinder runs cooler than the front one. 
This is attributed to deflection by the 
driver’s legs of the airstream on to this 
cylinder. The crankcase is well finned, 
and a wet sump has been adopted. 

A twin cylinder layout that is com- 
monly used on motor cycles is the 
50 deg Vee. This angle is adopted 
because it gives reasonably even firing 
together with satisfactory balance. In 
other words, it is a compromise. In 
the Vincent Black Shadow, which is of 
this type, a single throw crankshaft is 
employed and the cylinder offset of 
1} in is arranged so that the exhaust 
side of the rear cylinder is further out 
in the airstream than would be the 
case if a forked connecting rod 
arrangement were used to place the 
cylinders directly in line. Cooling 
around the exhaust ports is an impor- 
tant feature of all air-cooled engines, 
and it is for this reason that the 
exhaust ports face forwards on most 
motor cycles. 

This engine has an 84mm bore and 
a 90 mm stroke. It has a swept volume 
of 998c.¢. and develops 54b.h.p. at 
5,800 r.p.m. The crankcase, cylinders 
and cylinder heads are all of alu- 
minium alloy and pressed-in liners are 
fitted. Great pains have been taken to 
keep the weight of this unit down to 
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a minimum; even the banjo bolts in 
the lubrication system are made of 
light alloy. 

An unusual feature of this engine, 
which may be seen in the illustration, 
is the rocker and valve arrangement. 
Each rocker is carried on a steel pin 
in a Y-alloy carrier. This carrier is 
cylindrical in shape and its centre is 
machined away so that the rocker may 
be passed through it, and it is drilled 
diametrically for the hollow pivot pin 
of the rocker. Drilled radially in the 
top of the carrier is another hole in 
which is engaged the end of a banjo 
bolt, screwed into the housing, to 
locate it axially. The banjo is supplied 
with oil under pressure to lubricate 
the rocker. Tappet adjustment is 
effected at the push rod end of the 
rocker, access to which is gained by 
removing a cap screwed into the 
housing. The other end of the rocker 
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is forked and bears on a collar round 
the stepped valve stem. Two valve 
guides are employed, the lower one 
being of larger diameter than the 
upper. The upper guide is integral 
with the seat washer for the coil 
springs, the top ends of which bear 
against a conventional retainer washer. 
Although this arrangement places the 
rockers relatively low, it is doubtful 
whether much is gained from the point 
of view of compactness, but in this 
particular installation it has two advan- 
tages. One is that the springs are 
higher and therefore in a cooler posi- 
tion, and the second is that access for 
tappet adjustment is good. 
Horizontally opposed twin cylinder 
engines, despite their relatively large 
overall width, are sometimes used in 
motor cycles. The Douglas Mark V 
and 90 Plus models are examples of 
air-cooled engines of this type. Both 


A single crankshaft is used in the Lancia Appia and the bore and stroke of the unit are 


68 mm and 75 mm respectively 
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have a bore and stroke of 60-8 mm by 
60 mm and a swept volume of 348 c.c. 
The Mark V has a compression ratio 
of 7-25:1 and that of the 90 Plus is 
8-25:1. For racing, a compression ratio 
of 9-4:1 has been used. A built-up, 
two-throw crankshaft is employed, and 
the cylinder axes are offset from one 
another by only jin. An overhead 
valve arrangement is used and it gives 
the engine a good peak performance; 
moreover the rocker gear is very acces- 
sible. The overall width of the engine 
is 243} in and its length, without the 
gearbox fitted, is 19,, in. The height 
1s 174 in, but this is in no way restricted 
by the installation. In fact, in order 
to fill the vertical space in the frame, 
the engine has almost certainly been 
made higher than would otherwise 
have been necessary. 

The horizontally. opposed twin 
cylinder Velocette, 192 c.c. L.E. model 
is water-cooled. Its bore and stroke 
are 50mm and 49mm respectively. 
The offset of the cylinder axes from 
one another is only jin, because short 
roller bearings are used in the big 
ends. The main reason for adopting 
water cooling was to produce a quieter 
engine than was possible with air 
cooling. Two radiator blocks are 
employed, one for each cylinder, and 
they are separated by an air box for 
the carburettor intake and an Amal 
air filter. Each radiator block is 4 in 
wide by 6} in deep by in thick. 

A pull-up hand lever is incorporated 
for starting. One pull of the lever 
turns the crankshaft one revolution. 
This lever is mounted on one end of 
a transverse spindle. At the other end 
of the spindle is another short lever on 
which bears the end of a similar short 
lever at the rear of a longitudinally 
positioned spindle. The action of the 
short levers may be likened to that of 
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a pair of one-toothed bevel gears 
meshing together. Since there is a 
return spring round the longitudinal 
spindle the hardened faces at the ends 
of the short levers are kept constantly 
in contact so that this simple arrange- 
ment is all that is needed. At the front 
end of the longitudinal spindle there 
is a toothed quadrant that engages one 
of the gears of a 3:1 reduction train 
interposed between the crankshaft and 
the two plate dry clutch. 

The Ariel Square Four is of interest, 
although it is hardly suitable for a 
motor car, partly because it would be 
difficult to provide adequate cooling in 
such an installation and partly because 
it is rather expensive for the type of 
car for which it is likely to be required. 
The overall dimensions are approxi- 
mately 175 in long by 15in wide by 
19in high. It is an overhead valve 
engine with a bore and _ stroke of 
65mmx75mm_ respectively and a 
swept volume of 997 c.c. The cylinder 
block is cast in one piece, and has a 
more or less square plan form. 

The two crankshafts are geared 
together and are positioned  trans- 
versely one under each pair of 
cylinders. They are one-piece forgings 
and the flywheel and balance weights 
are bolted on between the crank throws, 
which are at 180 deg. The two crank- 
shafts are phased so that they rotate at 
180 deg to one another. 

A chain drive serves the camshaft 
which is mounted transversely in the 
crankcase between the front and rear 
pairs of cylinders. The push rods are 
positioned in line in a transverse plane 
vertically above the camshaft. A con- 
ventional rocker arrangement has been 
adopted, one shaft serving the front 
pair of cylinders and the other the rear. 
The four inlet ports are joined at the 
centre of the engine to form a cruci- 
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form arrangement into which the car- 
buretted mixture is fed from above. 
This gives an even distribution to all 
the cylinders. Four separate exhaust 
pipes are used to obviate the difficulties 
that would be experienced in an engine 
of this type if two cylinders were 
served by a common pipe. 

It is interesting to compare an Ariel 
Square Four with the water-cooled 
Lancia Appia engine. The two units 
are similar in some respects, but in 
the Lancia a single, two-bearing crank- 
shaft is employed, and the cylinders 
are arranged in Vee form, the included 
angle being 10 deg 14min. The firing 
order is 1, 3, 4, 2 so the crank pins of 
numbers 3 and 4 cylinders are at 
180 deg, as are those of numbers 1 and 
2. In order to obtain regular firing 
intervals, the crankshaft is in effect 
twisted 10deg 14min between the 
crank pins for numbers 2 and 3 
cylinders. With this arrangement the 
length of the cylinder block is only 
94 in and its width 9in. However, the 
overall width of the engine is approxi- 
mately 18in measured over the inlet 
and exhaust manifolds on each side of 
the cylinder head. The bore and stroke 
are 68mm and 75mm respectively, 
and the swept volume is 1,090 c.c. 
The compression ratio is 7-4: 1. 

Because a single crankshaft has been 
employed it has been necessary, of 
course, to offset the cylinders longi- 
tudinally and operate the push rods for 
the overhead valves by two camshafts, 
one on each side of the engine. 
Whereas on the Ariel Square Four the 
valves are vertical above their flat 
topped combustion chambers, on the 
Appia, hemispherical combustion 
chambers are employed with inclined 
valves. The general arrangement of the 
valve gear may be seen from the 
illustrations. 


CABMA REGISTER 1953 


An Important New Reference Work 


UBLISHED jointly Kelly’s 

Directories Limited and Iliffe and 
Sons Limited, Dorset House, Stamford 
Street, London, S.E.1, for the 
Canadian Association of British Manu- 
facturers and Agencies—managers of 
the British Trade Centres in Toronto, 
Vancouver and Montreal, the CABMA 
Register 1953 provides for the first 
time a comprehensive record of more 
than 4,500 British manufacturers, their 
products and their Canadian represen- 
tatives. The volume is sectionalized 
and divided for easy cross reference by 
index guide cards with reinforced tabs. 

The first section, the Buyers’ Guide, 
is an alphabetical list of British pro- 
ducts for Canada, with the names of 
the British and Canadian suppliers 
classified under the product headings. 
A directory of British manufacturers 
and distributors is in a separate section. 
In this section the British firms are 


listed first with full details, including 
their distribution arrangements in 
Canada; a list of Canadian suppliers 
follows. Two further sections enable 
the products and sources of supply to 
be identified from proprietary names 
and trade marks respectively. To 
ensure that the Register can be readily 
used throughout the whole of Canada, 
there is a complete French-English 
glossary of the product headings in 
the Buyers’ Guide. 

In the preparation of the register, 
full co-operation has been received 
from, among other organizations: the 
Dollar-Sterling Trade Council in 
Canada; the Dollar Exports Council in 
the United Kingdom, the Federation 
of British Industries and the Associa- 
tion of British Chambers of Com- 
merce. With the help of the various 
organizations, the widest possible 
survey was made of British firms who 


export their products to Canada. The 
publishers then approached all the 
firms individually, and from the in- 
formation they supplied and vouched 
for, the Register has been compiled. 
Every effort was made to secure the 
co-operation of each exporting firm 
concerned to ensure that the Register 
should reach a high standard of 
accuracy and completeness. 

The volume has been warmly wel- 
comed in official circles in both this 
country and Canada. It will without 
doubt become the standard reference 
work for buyers and importers, and 
will be in daily use by everyone requir- 
ing authoritative information about 
British goods available to the Canadian 
market, and it has already been referred 
to as a constructive step towards the 
expansion of British trade in Canada. 
The volume is bound in full cloth and 
is priced at 42s. Od. (44s. Od. by post). 


4 


AuGusT 1953 


HEAT 


AUTOMOBILE 
ENGINEER 


323 


RADIATION SUPPRESSION 


The Bonding of Refractory Coatings to Metal Components that are 


RESEARCH report, which deals 
with the effectiveness, strength 
and methods of bonding of refrac- 
tory materials to metals, has recently 
been issued by the Fulmer Research 
Institute. It is Special Report No. 1, 
entitled Radiation Suppressing Coatings 
for Metals at Elevated Temperatures. 
Although the work was done primarily 
for application to gas turbines, the 
methods advocated might also be used 
to reduce radiation to or from metal 
components for reciprocating type 
internal combustion engines, notably 
in exhaust systems. 

The object was to develop a refractory 
coating of low thermal emissivity, 
which could be applied to alloys used in 
gas turbine construction. This coating 
would also be required to withstand the 
severe operating conditions, involving 
thermal shock and vibration, which 
are encountered in certain parts of 
these mechanisms. The most obvious 
application of such coatings is to the 
internal surface of flame tubes. These 
tubes, in order that their strength and 
resistance to oxidation may not be 
impaired, must not be heated to tem- 
peratures higher than 800-900 deg C, 
although the flame temperature is as 
much as 1,800-2,000 deg C. For highly 
luminous flames, such as result from the 
combustion of marginal fuels, the 
transfer of heat by radiation is a signifi- 
cant proportion of the total heat trans- 
ferred from the flame to the surrounding 
wall. Under these conditions the 
maximum advantage accrues from a 
reduction of the thermal absorptivity 
of the inner surface of the wall. 

In the research report, the subject 
is dealt with in three parts. The first 
part describes the accurate measure- 
ment of the total emissivity of both 
metal surfaces and refractory substances, 
and the variation of emissivity with 
particle size and thickness of coating. 
Next, investigations are made into 
methods of bonding refractory coatings 
to metal surfaces, coating compositions, 
and into methods of application. 
Finally, fatigue and other tests are 
carried out to determine the behaviour 
of coatings under simulated service 
conditions. 

By Kirchoff’s law, the absorptivity 
of a substance is the same as its emissi- 
vity for radiation of the same wave- 
length. A body that absorbs all the 
radiation incident on its surface is 
defined as a black body, and one for 
which the absorptivity, or emissivity, is 
the same for all wavelengths is termed a 
grey body. The research was based on 
the assumption that the flarne tube wall 

_ was a grey body. This is an approxi- 
mation; for not only is its spectrum 


Subjected to Elevated Temperatures 


unlikely to be the same as that of the 
flame, even if both were at the same 
temperature, but also because the 
radiation spectrum of the flame is 
unknown. 

A sensitive thermopile was used to 
measure the radiations from coatings 
applied to one face of an electrically 
heated strip of Nimonic 75, and the 
strip was then turned so that measure- 
ments could be made of the radiation 
from the uncoated side. High tempera- 
tures were measured with an optical 
pyrometer, while a fine wire thermo- 
couple was used to check low ones. 
Curves are given in the report showing 
the emissivity, at temperatures from 
300-800 deg C, and with three different 
surface finishes, of an 80 per cent Ni, 
20 per cent Cr alloy, an 18 per cent Cr, 
8 per cent Ni austenitic steel, and a 
25 per cent Cr, 20 per cent Ni austenitic 
steel. 

These curves show that surface 
treatment has a marked influence on 
emissivity. At temperatures up to 
600 deg C or more, a polished surface 
is most effective for reducing radiation. 
However, because of oxidation, a short 
period of overheating results in a 
permanent and considerable increase 
in emissivity. Another undesirable 
characteristic of metal surfaces is that 
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Fig. 1. Total emissivity of various sa aot 
substances at temperatures of 800-1300 deg 


their emissivity increases with tempera- 
ture. On the other hand, the emissivity 
of refractive materials decreases as 
thei temperature is increased, Fig. 1. 
Several methods of application of low 
emissivity refractories to the surface 


were investigated. Electrophorosis was 
shown to have some promise for the 
application of thin coatings to an 
enamelled metal surface. However, 
neither this process nor bonding with 
ethyl silicate was successful for applying 
coatings directly to the metal. The 
best method was the bonding of the 
refractory with a proportion of enamel. 
In this way a composition was formed 
which softened at the firing temperature 
of the coating, so that the enamel 
bonded the particles of refractory 
material to each other and to the basis 
metal. 

It was found that the size of particles 
has a marked effect on the efficiency of 
the coatings. With small particles there 
is a tendency to spall, or chip, on 
firing, while large ones, because of 
radiation from the underlying metal, 
give a high value of apparent emissivity 
when applied in thin coatings. In 
general, the best results were obtained 
with a refractory that had been ground 
and passed through a 150 mesh sieve. 

Bonded coatings are porous, so 
oxidation may take place under them, 
particularly during the firing process. 
This adversely affects adhesion in long 
term service. It is therefore recom- 
mended that on most materials the 
refractory coating should be applied 
over an undercoating of enamel. The 
report deals at some length with the 
methods recommended for the prepara- 
tion of the surface and for the applica- 
tion of the coatings. 

The effects of varying the proportions 
of enamel and refractory were examined, 
as was the emissivity of different 
thicknesses of coating. Fig. 2 shows 
the type of curve obtained when emissi- 
vity is plotted against thickness of 
coating. Only a relatively small number 
of different coatings are discussed in the 
report, but they are the best of a very 
much greater number that were tested. 

To test the adhesion of the coatings 
under conditions approximating to those 
obtained in service, a machine was 
designed by means of which test pieces 
could be subjected simultaneously to 
vibration and fairly rapid changes of 
temperature. Test strips used in the 
machine were clamped at one end while 
at the other they were vibrated by an 
eccentric. A contact was provided at the 
oscillating end so that a current could 
be passed through the strip to heat it. 
The circuit was opened and closed on a 
24 min cycle to vary the temperature 
between 800 deg C and that of the room. 
If the strip broke as a result of fatigue, 
the driving motor was automatically 
stopped, and an electric clock in the 
circuit stopped and indicated the time 
of the failure. 
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Up to a thickness of about 0-007 in, 
no significant flaking, of the types of 
coatings recommended as being satis- 
factory, occurred before the metal 
failed as a result of fatigue, With 
thicker coatings, flaking tended to take 
place; a ridge or thick area definitely 
lead to this type of failure. A method 
of spraying has been developed which 
minimizes this kind of defect. Vibrating 
strip tests were also carried out on 
specimens in which holes had been 
drilled. Despite the stress concentra- 
tion effects around these holes, no 
lack of adhesion was detected. 

Thermal shock tests were also carried 
out. Coatings were applied to test 
specimens in the form of sheets, 
4in ¥4in ~0-048 in with a_ central 
hole (-585in diameter. These were 
alternately exposed to the flame of a 
gas-air torch directed at the hole, and a 
blast of cold air. Flaking developed 
quickly in single coatings. It was 
caused by the reducing action of the 
flame. This was demonstrated by the 
fact that thermal shock arising from 
electrically heating and air blasting 
specimens to produce the same heating 
and cooling rates did not produce 
flaking. To prevent failure of the 
coating in a reducing atmosphere, it is 
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Fig. 2. Variation of total emissivity with 
thickness of a certain refractory coating 


necessary to interpose between the 
porous, low emissivity coating and the 
basis metal a non-porous layer which 
will bond both to the underlying metal 
and to the coating. The National 
Bureau of Standards coating A 417 
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has been found suitable for this purpose. 

An interesting phenomenon’ was 
noted when testing plates under direct 
flame impingement. Whereas an un- 
coated plate showed a considerable area 
of soot deposition, no soot was deposited 
under identical conditions on the coated 
plate. Whatever the cause of this may 
be, its practical importance is obvious; 
soot deposition, if it occurred in service, 
would result in the emissivity of the 
surface approaching that of a black body. 

These coatings should be satisfactory 
for temperatures up to 900 deg C, but 
they are not recommended for use where 
the temperature will exceed the firing 
temperature of the coating. It is not 
considered that they will afford any 
protection to the metal against attack 
by volatile constituents of the fuel, such 
as vanadium or lead compounds. 
Indeed, it is possible that the adhesion 
of the coatings may be adversely affected 
by such attack. However, there is not 
yet enough data from practical trials 
with the coatings for their behaviour 
with fuels of this type to be fully 
assessed. 

Copies of this report may be obtained 


HIGH SPEED VALVE MOTION 


A PAPER entitled ‘Calculation of 
High Speed Valve Motion with a 
Flexible Overhead Linkage,” by P. 
Barkan. is published in an’ S.A.E. 
Preprint March 3-5, 1953. In it a 
method for calculating the high-speed 
motion of a cam-actuated valve operated 
by a flexible overhead linkage is 
described. The actual linkage is 
divided into several sections; the masses 
within each section are assumed to be 
concentrated at a point which is con- 
nected to neighbouring masses by 
massless springs of appropriate rates. 
In the system, the valve, spring, spring 
cap and push rod undergo simple 
reciprocating motion, while the upper 
rocker arm and the lower rocker lever 
undergo oscillating rotary motion. 
In addition, because of the flexibility 
of the camshaft and the compressibility 
of the bearing oil film, the camshaft 
is considered to have reciprocating 


Nan article entitled “ Selected 

Plastics References for the Mech- 
anical Engineer 1951-1952,” by A. K. 
Schmeider and H. G. Dikeman, in the 
June 1953 issue of Mechanical Engin- 
eering, a list of references is given, 
some of which may be of use to auto- 
mobile engineers interested in lamin- 
ated plastics for motor bodies. Among 
them are those given below, which are 
mainly concerned with aircraft struc- 


motion. A dynamically equivalent 
system is then constructed in which all 
the parts lie in the same datum line, 
that is, the valve axis. To make 
mathematical treatment possible, this 
multi-mass system in turn is replaced 
by an equivalent single-mass system. 
The mass is subjected to the spring, 
inertia, linkage compression, friction 
and gas forces. the sum of which, 
according to d’Alembert’s principle, 
must be zero. Friction itself is made 
up of Coulomb friction proportional 
to load, viscious friction proportional to 
relative velocity, and viscious friction 
proportional to absolute velocity. Three 
differential equations of motion for 
the mass are developed, that is, for 
valve opening, valve closing and for 
the linkage jumping off the cam. 
Valve motion can be easily determined 
The three equations are of the same 
form, and will have the same general 


for 15 shillings from the Fulmer 
Research Institute, Stoke Poges, 
Buckinghamshire. 

solution. completely general 


numerical solution can be obtained by 
assuming that over a small increment 
of time, the function may be represented 
by a linear equation of a type quoted. 
The problem thus resolves itself into a 
series of equations, each valid only 
within a small time increment. The 
solution depends on the determination, 
by a method described in the appendix, 
of a set of coefficients characterizing the 
given linkage. The friction terms 
introduced in the calculations depend 
on the load and speed conditions and 
must be evaluated empirically. These 
terms must be taken into account if the 
calculations are to yield reliable results. 
Experimental results have shown 
reasonably good agreement with calcu- 
lations. If an automatic computer is 
available, the amount of calculation 
involved is not excessive. M.J/.R.A. 
Abstract No. 6276. 


PLASTICS REFERENCES 


tures; however, many of the problems 
apply to the automobile industry. 

“Low Pressure Laminates for Air- 
craft,” British Plastics, vol. XXIV, 
October, 1951. 

“ Moulded Wings for Delta Air- 
craft,” British Plastics, vol. XXIV, 
October, 1951. 

“Designing with Glass-Reinforced 
Plastics” Product Engineering, vol. 
XXII, November, 1951. 


“ Aircraft’ Plastics Structures,” by 
H. W. Hall and J. E. Gordon, Aircraft 
Production, vol. XIII, July, 1951. 

“Plastic Car Body in Production,” 
Modern Plastics, vol. XXIX, April, 
1952. 

“Compound Curved Honeycomb 
Core Material for Sandwich Panel 
Construction,” by <A. H. Herbst, 
Society of Plastics Engineers Fournal, 
vol. VIII, January, 1952. (2050) 
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GAS TURBINE ARRANGEMENTS 


AUTOMOBILE 
ENGINEER 


A Review of Systems for Automobiles 


PREVIOUS aarticle in the 

February 1953 issue of this 

journal entitled “ The Problems 
of the Turbine Car” discussed: the 
design of the car itself, the transmission 
and the modifications necessary to a 
small gas turbine to make it suitable 
for installation in a car. It is proposed 
here to consider the various types and 
arrangements of gas turbine that may 
be used in a car and give the reasons 
for the final choice. It should be 
mentioned that these arguments only 
apply to the gas turbine for use in an 
automobile. 

In general the choice has been for 
simplicity; thus where either of two 
designs could be used, the simpler has 
been chosen unless there is a fairly 


F. R. Bell 


flows through the power turbine, the 
shaft of which is not connected t the 
compressor turbine. ‘The car is driven 
from the power turbine through gear- 
ing. The alternative would be to take 
the drive direct from the compresscr 
turbine shaft as shown diagram- 
matically in Fig. 2. 

With the free power turbine, the 
compressor unit can be started with the 
car stopped, but with the compressor 
unit running at idling speed the gas 
flow through the power turbine is 
insufficient to apply any noticeable 
torque. It is in fact insufficient to move 
the car even without the handbrake on. 
When the compressor unit is acceler- 
ated the gas pressure temperature and 
flow are increased to give an increased 

torque and so start 


the car. Actually 


when the compres- 


A " sor unit is run up 
Pai to full speed the 
torque is 2} to 3 

— 7 times the value at 


A—Combustion chamber. B—Power turbine. 


Fig. 1. 
unit right 


strong case for the more complex type. 
This results in more rapid and cheaper 
development although there is the pos- 
sibility that at some time in the future 
it may turn out that one of the other 
designs will be better. 

Firstly, it will be shown that the free 
power turbine is the obvious choice; 
secondly, the chosen engine, which will 
be called the standard design, will be 
described; and thirdly the alternative 
engines will be described and compared 
with the chosen engine to show why 
they are not so suitable. 


The free power turbine 

Although this is obviously the only 
sensible arrangement it is not, perhaps, 
well understood by everyone and the 
arguments for and against should be 
given. 

In the free power turbine system, the 
engine is comprised essentially of two 
parts: the power turbine and the gas 
generator. These are not connected 
mechanically. As shown diagrammati- 
cally in Fig. 1, the gas generator consists 
of a compressor, turbine and combustion 
chamber very similar to an aircraft jet 
engine. The exhaust or jet from this 


Free power turbine ; power turbine left, compressor (jet) 


full car speed. As 
this is somewhere 
between the first 
and second gear 
torque of the 
piston-engine car it 
can be seen that 
either no gear box 
at all or only a two- 


speed for emer- 
C—Reduction gear gency will be 
needed. 


In the alternative 
system, the torque 
characteristics are actually much worse 
than for a piston engine and therefore 
a gearbox with probably five or more 
speeds will be necessary. Curves in 
Fig. 3 show these relative character- 
istics. As the ability to drive without 
any gear changing is the main advan- 
tage of the gas turbine it can be clearly 
seen that this engine arrangement 
would be utterly useless. For this 
reason, in all except one of the designs 
considered here a free power turbine 
arrangement will be used. 


The standard design 

The arrangement chosen is shown 
diagrammatically in Fig. 4. This is 
probably the simplest possible arrange- 
ment and consists of a simple single 
stage single sided centrifugal com- 
pressor with diffuser and a single stage 
axial flow turbine driving the com- 
pressor. The air passes first through 
the centrifugal compressor and the air 
side of the heat exchanger, then to the 
combustion chamber and compressor 
turbine. The exhaust from this passes 
through the single stage power turbine 
and gas side of the heat exchanger and 
out to atmosphere. 


A—Combustion chamber. B—Reduction gear. 
C—Power output. 


Fig. 2. Direct drive engine 


Auxiliary drives are taken from the 
inlet end of the compressor via a reduc- 
tion gear and at the opposite end of the 
engine is the power turbine reduction 
gear. Heat exchangers of the sheet 
metal matrix type are arranged on both 
sides of the engine with the combus- 
tion chamber on top. Each turbine has 
a stationary row of blades or nozzles 
and a rotor with the blades manu- 
factured integrally. 

A single stage reduction gear is used 
and the power turbine is arranged to 
rotate in the opposite direction to the 
compressor turbine. Maximum com- 


pressor speed is such that the 
compressor tip speed is about 
1,500 ft/sec. 


At this point it might be as well to 
insert a word about the difficulty of 
deciding just how big a heat exchanger 
should be. There is no difficulty at all 
in deciding that a heat exchanger is 
necessary. It is quite impossible to 
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Torque at propellor shaft -!b ft 
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A—Torque at 4,000 r.p.m. with free power turbine. 
B—Torque without free power turbine. 


Fig. 3. Comparative torque curves 
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B—Fuel nozzle. 
E—Diffuser. 
H—Auxiliary drives. 
L—Power turbine diffuser 


A—Combustion chamber. 
D—Compressor turbine rotor. 
G—Aijr intake. 


Fig. 4. Standard engine 


get sufficiently good efficiency, 
especially at the low power end, to 
make a commercial success of the gas 
turbine car without one. 

The bigger the heat exchanger the 
more efficient the engine becomes but 
as the gains get progressively less with 
increasing size there will obviously be 
an economical limit. This effect is 
made still worse by the fact that as the 
heat exchanger gets larger it makes the 
whole car hegavier and so spoils the 
fuel consumption. In the limit, with 
an infinite size of heat exchanger the 
fuel consumption will be no miles per 
gallon since the car will not be able 
to move itself even though the engine 
efficiency is at its maximum value 
which is, however, not more than about 
three times the value without heat 
exchanger. Because this decision will 
primarily rest with the buyer, that is it 
will depend on how much extra he is 
prepared to spend on the first cost of a 
car in order to obtain a higher fuel 
consumption, it cannot be accurately 
decided until there are a number of 
cars on the road. 


A—Gas inlet. B—Nozzles. C—Exhaust. D—Rotor. 


Fig. 6. Radial flow turbine 
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C—Power turbine rotor 
F—Compressor impeller. 
K—~Heat exchanger 
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A—Combustion chamber. 


B—Axial compressor. C—Heat exchanger. 


D—Power output. 


Fig. 5. Axial compressor engine 


Size will also be affected by the cost 
of production of the heat exchanger. 
Obviously, if the heat exchanger is very 
cheap to manufacture, a small addi- 
tional cost will give a very large heat 
exchanger, but if it is very expensive 
then only quite a small size will be 
used. 

Of course it may well be that, with 
the high cost of fuel, people may look 
well ahead and say that in the life of 
the car the saving in fuel due to a 
larger heat exchanger is justified. In 
this case the size will be limited 
primarily by the space available, but 
the life of the heat exchangers must 
also be taken into account because the 
cost of replacements will obviously be 
greater with a larger heat exchanger. 
The life can only be found under actual 
running conditions when the cars are 
in production. 


Axial compressor engines 

The first alternative to be considered 
is whether to use an axial compressor. 
An engine using an axial flow com- 
pressor is shown diagrammatically in 
Fig. 5. Probably the most important 
reason for not using the axial com- 
pressor is its sensitivity to dirt deposits 
on the blading. It has been found that 
aircraft axial compressor engines when 
run on the ground build up a deposit 
of dirt on the leading edges and backs 
of the blades causing a serious reduc- 
tion in efficiency. Either filters must 
be used or the dirt must be removed 
by frequent cleaning by spraying 
paraffin or some other suitable liquid 
into the intake. This trouble does not 
occur while flying as there is practically 
no dust at high altitudes. 

Frequent cleaning in a car would be 
a serious disadvantage and owing to 
the very large mass flow of the gas 
turbine the use of filters is rather 
impracticable. The other bad disad- 
vantage of the axial compressor is its 
high cost. Even a small compressor 
for use in a car would probably have 
500 to 1,000 blades and it is extremely 
unlikely that these can be made for 
anything like the cost of the simple 
centrifugal compressor. 

Four reasons make the axial com- 


pressor the most suitable for aircraft 
use. Firstly, it has a very much smaller 
frontal area for a given mass flow of 
air. Secondly, it runs faster for a given 
mass flow, thus reducing the required 
turbine diameter, since the turbine 
must run at the same tip speed in both 
cases. Thirdly, it can conveniently be 
made to a higher pressure ratio than a 
single stage centrifugal, and fourthly it 
has a higher efficiency than the centri- 
fugal. Except for the last none of these 
reasons is much help to the car turbine 
and in the case of the last, it is unlikely 
that the very small axial compressor, 
Owing to its very small blades, would 
have even as good an efficiency as the 
small centrifugal. Taking into account 
the fact that the small axial compressor 
is completely undeveloped, it is obvious 
that it is much inferior to the centri- 
fugal, at least for the present. 


The radial flow turbine 
A radial flow turbine, which is in 
principle simply a centrifugal com- 
pressor with inward gas flow, is shown 
in Fig. 6. As this is a very controversial 


Cooling air 


Ne 


Fig. 7. Radial flow turbine with cooling 


arrangements 
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subject, it is not proposed to go into 
it too deeply or dogmatically. It may 
turn out finally that the radial flow 
turbine is actually the best but this is 
rather unlikely. There will only be 
space in this article to discuss briefly 
some of the more important points. 

It is often claimed that the radial 
flow turbine, particularly in small sizes, 
is more efficient than the axial flow. 
At present there is absolutely ne 
evidence of this, in fact there is some 
small amount of evidence to the 
contrary, the most important perhaps 
being that the French-made Turbo- 
méca small gas turbine has, under 
government test, already apparently 
given considerably higher turbine 
efficiencies with axial flow turbines 
than has any radial flow turbine yet 
tested. The claim for higher efficiency 
has apparently come about partly 
through the misreading of certain test 
results from a radial flow turbine test 
rig and partly from comparing the best 
of the radial flow figures with some 
axial turbine results not of the best. 

The second claim of the defenders 


B—Power turbine. 


A—Compressor turbine. 
O—Power output. 


C—Auxiliary drive. 
Fig. 9. Divided flow engine, shown without 
heat exchanger 


of the radial flow turbine is that it 
should be cheaper to manufacture. 
Cost comparisons are rather difficult 
because at present we do not know 
which method of manufacture is likely 
to be the best. In making the com- 
parison it is essential to compare 
turbines doing equal jobs. An engine 
can be made either with a fairly large 
air flow and low pressure ratio which 
allows low turbine speed and hence 
low turbine stresses, or with a smaller 
mass flow and higher turbine stresses 
owing to the higher turbine speeds 
necessary to produce the same power. 

If the first type of engine is used the 
efficiency will be lower and the engine 
weight greater but cast turbine rotors 
can be used for either axial or radial 
flow turbines. Nozzles in all cases will 
probably be cast as they are practically 
unstressed compared with the rotors. 


AUTOMOBILE 
ENGINEER 


327 


There should be 


practically no dif- 
ference between 
the cost of casting 
the rotors in either 


case; a_ slightly 


simpler casting for 
the radial flow 
being offset by 


about fifty per cent 
more material 
being used in the [La 
radial flow rotor, 


the materials being 
the same in both 


| 


cases. If the higher J 


speed, higher 


efficiency engine is 
used, and for a car 
where the efficiency 
is barely high 
enough in any case 
it is almost certain to be, then the 
rotors in both cases will probably have 
to be forged. 

Actually, because the acceleration 
time of the compressor turbine unit is 
important in a car and because this is 
proportional to the moment of inertia, 
it is essential to keep the turbine 
weight to a minimum. This means 
that even for the first type of engine 
it is advisable to use forged rotors. 
Also, as the weight of the radial flow 
turbine seems to come out higher in 
the actual designs considered so far, it 
would seem preferable to use axial 
flow. 

If forged rotor material is used, it 
would be far too expensive to machine 
either axial or radial rotor from the 
solid so that we only need to compare 
the rotor forged nearly to size. Experi- 
ments with forging have shown that 
the axial rotor complete with blades 
can be forged in one operation fairly 
easily. This is because the blades are 
small in relation to the size of the 
forging and therefore the metal has 
very little distance to flow, a very 
important point in forging. This is not 
so in the radial flow and it might, in 
fact, be more diffi- 


A—Combustion chamber. 


B—Two stage power turbine. 


C—Two stage compressor turbine. D—Two stage compressor. E—Heat exchanger. 
Fig. 8. Two stage engine 


arises. The ease with which cooling 
air can be blown up the back of the 
impellor has been stated to give a big 
advantage to the radial flow from the 
point of view of cooling. This is not 
so for several reasons, in fact the 
reverse may very well be true. 

Firstly, it must be realized that any 
form of cooling entails a loss of 
efficiency, that is, using a fixed gas 
temperature, the more cooling that is 
used to make the rotor cool enough so 
that it will not fail, the lower the 
efficiency. ‘This applies whether the 
air is bled from the compressor or 
pumped by a separate fan. If blades 
are on the back of the turbine rotor 
like another compressor, as shown in 
Fig. 7, then heat is fed into the air 
during compression and out of the 
turbine during expansion, lowering 
both the turbine and compressor 
efficiency. This means that more 
power is required on the compressor 
blades than is obtained from the cooling 
air flowing through the turbine, with 
a consequent loss of power. If, after 
cooling the back of the disc, the air on 
any system is exhausted to atmos- 
phere, there is obviously a loss of 


cult to forge than 


the axial. Both 
types, owing to the 
necessity for a good 
finish for air flow, 


will probably re- 
quire a final mach- 
ining. The axial 
flow type has only 
about one-half of 
the blade surface to 
be machined but 
the cutters cannot 
be so rigid. Prob- 


ably the machining 


times, judging from 
tests made with 
special milling 
machines on_ the 
blades of axial tur- 
bines, will be about 
the same in each 
case. 

Cooling is the 
next question that 


A—Combustion chamber. 


C—Power turbine nozzle control. 
E—Compressor turbine nozzle control. 


B—Radial flow compressor turbine. 
D—Radial flow power turbine. 
F—Diffuser vane control. 

G— Heat exchanger. 


Fig. 10. Radial flow variable nozzle engine 
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causes the tempera- 
tures to rise at high 
car speeds and fall 
at low car speeds, 
At low car speeds 
the compressor 
tends to run on to 
a part of its curve 
where the efficiency 
is lower. 

When the car is 
stopped and_ the 
compressor is taken 
to maximum speed 
the temperature is 
low, therefore the 
power is down and 
the acceleration of 
the car is poor. If 
the engine is 


B—Heat exchanger. 
E—Heat exchanger. 


Closed circuit engine 


A—Combustion chamber. 
D—Auxiliary drive. 


Fig. 11. 


heat which means a loss of efficiency. 

The only system without significant 
loss is to take air from the compressor 
delivery and, after cooling the back of 
the rotor, feed it back into the turbine 
inlet. The difficulty here is that it is 
almost impossible to make a seal at the 
turbine rotor tip because, owing to the 
thermal expansions and bearing slack, 
the clearances have to be so great that 
even with a labyrinth the leakage is 
excessive. Tests have shown this very 
definitely to be the case. 

As all these arguments apply equally 
to both the axial and radial flow 
turbines, and as in the radial flow 
turbine the total blade and disc surface 
exposed to hot gas is something like 
twice as great, it may need twice the 
cooling air to bring the metal tem- 
perature to the same value. 

Primarily, these arguments have 
been related to the compressor turbine 
but generally they apply equally well 
to the power turbine. For the power 
turbine there is, however, a further 
argument against the radial flow. 


Owing to the variation of the centri- 
fugal pressure at the rotor tip with 
speed, the radial flow power turbine 
will cause a back pressure on the com- 
pressor turbine varying with car speed. 
At a given compressor speed, this 


matched to be hot 
at these conditions 
it will be too hot at 
full car speed and 
will therefore have 
to have its compressor speed limited 
thereby lowering its efficiency. 
Variable nozzles for the power 
turbine may, of course, overcome this 
difficulty, but they are an added com- 
plication and will be very difficult to 
make work satisfactorily. In any case, 
if the radial flow turbine requires 
variable nozzles and the axial flow 
does not then there is not the slightest 
doubt that the axial flow turbine is the 
etter. 


C—Combustion fan. 
F—Cooler. 


The multi-stage engine 

This is shown diagrammatically in 
Fig. 8. There are actually a number 
of very good arguments in favour of 
the multi-stage compressor and _ tur- 
bines and the most important argument 
against is simply that it is very much 
more difficult to make and to make 
work. If a multi-stage compressor is 
used it will have two stages, and there 
are two ways of using it. Either it is 
run at a speed to give the same overall 
compression ratio or it is run at a 
speed to give the same rotor tip speed. 
There is very little point in running at 
the same overall compression ratio, as 
the speed will be lower, the turbine 
therefore larger, and its shorter blades 
for the same annulus area may lower 
its efficiency as much as the com- 
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pressor efficiency is raised by being 
two stage. Of course, the turbine can 
also be two stage, but there is no 
evidence that for compression ratios of 
4:1 or less that a two stage turbine is 
any more efficient than a single stage. 
In effect, there is no point in running 
at the same compression ratio with two 
stage as the cost is nearly double for 
a negligible gain in efficiency. If the 
compressor is run at a higher com- 
pression ratio, say 5:1 or 6:1, then a 
two stage turbine will be necessary to 
drive it. As the pressure ratio available 
at the power turbine will also be 
higher, a two stage power turbine may 
also be necessary. 

Perhaps it should be pointed out 
here, that the number of stages used 
in a turbine depends primarily on the 
pressure drop available across the 
turbine. A single stage turbine of the 
type used in gas turbines can fairly 
efficiently deal with a pressure ratio 
of up to about 3:1, but by using two 
stages for the pressure ratio the blade 
speed and hence the blade stresses will 
be lower. Although this will allow 
cheaper material to be used, the overall 
cost will probably be higher and cer- 
tainly the weight will be greater, and 
there is no evidence to suggest much 
if any increase in efficiency. For a 
power turbine, owing to the necessity 
for a high torque ratio, there is some 
evidence that it is not advisable to use 
pressure ratios greater than 2:1 in a 
single stage. 

Considering the two stage com- 
pressor and two stage turbine type of 
engine running up to say 6:1 compres- 
sion ratio, the fuel consumption will 
undoubtedly be better, particularly at 
low speeds, if the same sized heat 
exchanger is used as with the single 
stage. The engine will, however, cost 
maybe twice as much to make as it has 
twice as many of the most expensive 
components and is considerably more 
difficult to deal with for alignment and 
clearances. 

If the same amount of money were 
spent on a larger heat exchanger for a 
single stage engine it would probably 
give as good an efficiency and be much 
simpler. From the servicing view- 
point the two stage engine is obviously 
much more difficult. Apart from 


Water spray 


.<«—Water inlet 


Fig. 12. Mixed cycle engine, water injection 


A—Combustion chamber. 


D—Water feed. 


Fig. 13. 
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C—Heat exchanger (boiler). 


B—Superheater. 
F—Cooling fan. 


E—Condenser. 
G—Auxiliary drive. 


Mixed cycle engine, steam turbine 
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Fig. 14. Effect of turbine inlet temperature 
on efficiency 


1100 


improved fuel consumption there is no 
reason at all for making the two stage 
engine. 


Divided flow engine 

Another system, which is shown 
diagrammatically in Fig. 9 and which 
must be mentioned is the divided or 
parallel flow. In this system the com- 
pressor turbine exhausts through the 
heat exchanger to atmosphere and the 
air for the power turbine is bled off 
either after the combustion chamber 
and through the power turbine and 
heat exchanger to atmosphere, or 
before the combustion chamber so that 
a separate combustion chamber may 
be used. This system has no merits 
at all for car use; there is no gain in 
efficiency and each turbine requires to 
be two stage as each has the total 
pressure drop to cope with. Also, as 
each has less than the total mass flow 
it will be a smaller turbine and there- 
fore, probably of a lower efficiency. It 
can easily be seen that this system 
offers no advantages at all. 


Variable nozzles and diffuser 

Two main ways are available in 
which we may vary the nozzles or 
diffuser, that is either by turning the 
blades to alter the angle or by closing 
some passages. This last method on 
turbines is called partial admission, 
and, as it results in quite a consider- 
able fall in turbine efficiency, that is, 
about 10 per cent, it is quite useless for 
the gas turbine. If variable nozzles are 
used they are more suitable for use 
with radial flow turbines, therefore 
the radial flow engine would probably 
be used. A diagrammatic arrangement 
is shown in Fig. 10. 

The main argument in favour of 
variable nozzles is that if the diffuser 
and both turbine nozzles are varied 
the engine can have a variable mass 
flow. This, it is said, will allow the 
mass flow to be reduced to obtain 
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low powers, thus 
keeping the com- 
pression ratio and 
temperature higher 
and giving a better 
efficiency. It is 
rather doubtful if 
this is true, because 
owing to the severe 
thermal shock on 
compressor turbine 
nozzles, quite large 
clearances will be 
necessary to pre- 
vent jamming. This 
and the fact that 
angles will not 
always be quite 
right for the best 
efficiency, may 
lower the efficiency 
overall more than 
has been gained by 
the reduced flow. If 
there is no gain or 
only a small gain in 
efficiency then this 
type will certainly 
not be justified. 

Even if there is a significant gain in 
efficiency, the mechanical difficulties 
are very great. Running engines at high 
temperatures has shown that com- 
pressor turbine nozzles suffer severely 
from cracking and distortion even in 
the best materials. Slack fits will be 
necessary to prevent sticking, and heat- 
resisting steels are notoriously bad at 
picking up, particularly as no lubrica- 
tion can be used and the high frequency 
vibration from air flow will cause 
severe fretting. Still, it may be possible 
to make variable nozzles and diffuser 
work satisfactorily but they will be 
rather expensive for possibly a not very 
large gain in efficiency. Again it may 
pay to spend the money on a much 
larger heat exchanger. 


(a) 


Closed cycles 

In the closed cycle system the heat 
is fed into the working fluid through 
a heat exchanger instead of a com- 
bustion chamber and the turbine 
exhaust is then sent through @ cooler 
to reject heat and back into the intake. 
The working fluid is therefore circulat- 
ing continuously and can be sealed in. 
This arrangement is shown diagram- 
matically in Fig. 11. 

Because the fluid is sealed in, 
various different gases can be used 
and there are all sorts of advantages 
and disadvantages for each. Several 
different types occur. Inert gases like 
neon, which will not attack the metals 
used in the turbine even at high tem- 
perature, make the manufacture of the 
engine easier because cheaper materials 
may be used. The monatomic gases 
allow lower compression ratios to be 
used. The heavy gases allow less 
volume flow to be used and therefore 
the engine can be smaller. Variable 


specific heats (sometimes due to dis- 
sociation) may have advantages as they 
make the compression and expansion 
cycles different. 
expensive. 


Some gases are too 
Actually, all the require- 


Cooling water feed 


(a)—Water cooled (spray). 
Fig. 15. Cooling systems 


_ Heavy plating 
copper or silver 


Oil circulation 


(b) 


(b)—Oil cooled by conductivity. 


ments are so conflicting that the con- 
clusion must be that air is the best 
all-round medium. 

Probably the main advantage of this 
system is the ability to vary the 
pressure in the unit. This is in effect 
a way of varying the mass flow and 
hence the power. A car would prob- 
ably be controlled by varying the 
pressure instead of the speed of the 
unit, thus giving practically constant 
efficiency. 

Unfortunately there is one very 
serious disadvantage not obvious at 
first sight. A gas turbine is very sen- 
sitive to intake temperature and it is 
not possible without an extremely 
efficient cooler to get this temperature 
low enough for even _ reasonable 
efficiency except perhaps for power 
stations and marine work where large 
quantities of cooling water are avail- 
able. There is the added disadvantage 
that now there three heat 
exchangers (one is difficult enough) 
and some sort of auxiliary fan for com- 
bustion air. 

Mixed cycles 

Shown diagrammatically in Figs. 12 
and 13 are two varieties of the mixed 
cycle engine. Fig. 12 shows water 
injected into the combustion chamber. 
This scheme is of no use unless there 
is ample supply of fresh water. It is 
likely to have many important uses but 
certainly not in road vehicles. 

The second scheme feeds exhaust 
heat into a steam turbine. It is really 
a steam turbine system and could give 
very good efficiency but would prob- 
ably be excessively complicated and 
expensive. Both these schemes have 
modifications and variations far too 
numerous to give here but none are 
likely to have any useful place in the 
automotive world. 

Using heat exchangers in an engine 
giving shaft horse power, very large 
gains in efficiency occur with higher 
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temperatures as shown in the curves in 
Fig. 14. Because of this, the standard 
simple single stage engine with good 
heat exchangers, if it can be made to 
withstand high enough temperatures, 
can give very high efficiency. 

With these high temperatures, diffi- 
culties occur mainly with the turbine 
blades, but also with the combustion 
equipment and heat exchangers. Heat 
exchangers and combustion equipment 
can almost certainly be made suitable 
with careful detail development, but it 
may be necessary to cool the turbine 
blades. It is rather unlikely that the 
air-cooling methods using hollow or 
drilled blades will ever be of much use 
for small turbines as they will be much 
too expensive for small blades, but they 
may possibly be used if someone can 
solve the problems of manufacture. 

Quite a number of cooling methods 
have been suggested and two may be 
taken as examples. If carrying and 
using a small amount of water is not 
too much of a disadvantage, say equal 
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to 10 per cent of the fuel, then water 
sprayed on to the blades is simple and 
effective. 

In the very small turbine with 
integral blades, the conductivity is 
good enough so that heat is fed down 
to the shaft and out with the oil giving 
quite useful cooling. This may be 
considerably improved by improving 
the conductivity of the disc by plating, 
or by drilling holes for oil or sodium 
and by having lavish oil flow and oil 
coolers. Some of these schemes are 
shown diagrammatically in Fig. 15. 


Other types 

Schemes to improve the efficiency of 
the gas turbine for automotive use 
have been exercising the minds of 
inventors ever since gas turbines have 
been thought of and particularly since 
the Rover Co. showed their lead over 
the world in this field by demonstrat- 
ing the turbine car. Hundreds of 
suggestions were put up to the Rover 
Co. but not one original suggestion had 
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any real merit. Most showed a 
complete lack of understanding of the 
difficulties involved and some were, of 
course, engine arrangements already 
well known and discarded. 

All work so far has indicated that 
the problem is not one of inventing 
some new secret scheme but of 
laboriously improving the component 
efficiencies of the simple standard 
turbine design. It is impossible in an 
article of this nature to cover all engine 
arrangements that can be thought up, 
but enough types should have been 
discussed to give a general idea of the 
problems involved. 

It may be concluded from the fore- 
going discussions, that while it is 
impossible to foresee the type of gas 
turbine that will finally be evolved for 
use in the motor car, it is best at 
present to keep to the simpler types. 
These should give results almost as 
good as the more complicated types 
and should be much cheaper and 
quicker to develop and manufacture. 


CORRESPONDENCE 


AUTOMOBILE DYNAMIC LOADS 

Sir,—In his article “ Automobile 
Dynamic Loads” in the February issue, 
Mr. Garrett has endeavoured to put for- 
ward a logical method of determining the 
loads to be used in stressing chassis parts, 
using a system based upon standard air- 
craft practice. This aim is entirely to be 
commended, but the present writer feels 
there are some points that could well have 
been clarified, particularly as the majority 
of readers will probably be unfamiliar 
with aircraft practice. Further, the applic- 
ation of this method to automobiles 
appears to have certain limitations. 

The conditions which cause the highest 
dynamic loading in aircraft, whether due 
to a Manceuvre or an upward or downward 
gust, persist long enough to cause bodily 
accelerations of the aircraft (and its 
passengers) as a whole, so _ the assump- 
tion of a certain value of “ g” applicable 
to the whole machine is justifiable. On 
the other hand, with an automobile the 
bump loading is of very short duration and 
is not transmitted directly to the chassis 
owing to the springing. The forces which 
are transmitted produce two motions; a 
low-frequency bodily motion (pitching or 
bouncing), upon which is superimposed 
high-frequency elastic vibrations of the 
chassis. The latter, though not felt by the 
passengers, are those which give rise to 
the high stresses. The pitch and bounce 
motion only gives rise to quite small 
stresses—after all, the passengers do not 
have to be strapped in when going over 
a rough road, as they would if the bodily 
acceleration were anything like +3g. It 
is nearer to the value corresponding to the 
threshold of discomfort, which is about 
tig at normal car frequencies’ of 
springing. 

The vibrational acceleration (of the 
order of +3g) thus depends very much 
upon the elastic properties of the spring- 
ing and the chassis, and cannot be directly 
related to a given shape of bump, as can 
be done in relating aircraft accelerations 
to gust intensities, since elasticity of the 
aircraft structure has comparatively small 
effect. 


The following conclusions can therefore 
be drawn : — 

(1) Whatever the nature of the dynamic 
loads, they are superimposed upon the 
static load due to dead weight, which is 
always present. To quote Mr. Garrett's 
own example, a petrol tank with an 
upward acceleration of 48 ft/sec/sec (14g) 
will have a load on its mountings of : — 

1}W dynamic +W static =24W. 

It the acceleration had been downwards 
the load would be: — 
dynamic + W static= — 
(downwards). 
The basic assumption of dynamic loads 
of +3W will therefore give total loads of 
+4W to ~2W. The factor of safety of 
1-5, giving design loads of 4-5W, therefore 
gives a margin far less than has been 
assumed. Neglect of the static loads affects 
much of the remainder of the article. 

(2) In the case of an automobile, the 
accelerations due to an impact, being 
vibrational, will vary along the chassis. 
However, unless this variation can be 
shown to be considerable, the assumption 
of a uniform value along the chassis is 
justified on the grounds of simplicity. 


Initial contact with bump 

Maximum ground reaction 

Wheel leaves ground 

Maximum reaction on to chassis 
— Path of wheel centre 

_—_—— — — — Path of wheel centre 
if there is no elasticity or rebound 
of the system 


(3) The simple geometrical relationship 
between vertical and rearward loads due 
to a bump, as given in Fig. 2 of the article, 
does not apply for two reasons:— 

(a) The vertical forces should include 

the dead weight, whereas the rearward 

ones do not. 

(b) The minimum vertical and rear- 

ward forces occur at different times and 

there is no simple relationship, as shown 
by the accompanying figure. The maxi- 
mum wheel load, and hence the rear- 
ward force on the chassis, occurs at 
point B, whereas the maximum reaction 

vertically on the chassis is at point D. 

Expressed mathematically, if P is the 

upward ground force at any instant, W 

the unsprung weight and v its upward 

velocity as it leaves the ground at point 


equating td impulse to the upward 
momentum. This momentum is des- 
troyed by a combination of spring, 
snubber and damper loading, so that 
if R is the upward reaction on the 
chassis, we get 


R.dt 


Hence R can only be equated to P if 

the duration of the bump is equal to 

that of the snubbing action, which is not 

necessarily true. A separate basis for 

the rearward loads is required. 

A further point about the proposal for 
a standard bump, is that a more severe 
case than a kerb would be a depression 
having a curved end of the same radius as 
the tyre. The load on the tyre is then 
distributed over a large arc, and tyre 
flexibility has a minimum cushioning 


effect. 

B. G. de BRAY, 
M.I.Mech.E., AFR.AcS., 

Senior Lecturer, 
Mechanical Engineering Dept., 
School of Engineering, 
Auckland University College, 
Auckland, N.Z. 
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Mr. Garrett replies: — 

With regard to the question of the dura- 
tion of load, mentioned in Mr. de Bray’s 
letter, the vertical accelerations referred to 
in the article were obtained from tests 
with an accelerometer mounted in the 
vehicle. It can hardly be disputed there- 
fore that loads of this order may be 
imposed on the structure. Admittedly, 
accelerations of the order of 3g are, in 
fact, infrequently encountered, but an 
owner would feel justifiably aggrieved if 
structural failure occurred on the few 
occasions when the vehicle was subject to 
unusually severe conditions. 

Differences of opinion might arise as 
to the severity of load that should be 
catered for, and future investigations may 
prove that 3g is too high. However, by 
checking mathematically the stresses that 
would be obtained when applying this 
load to existing designs, it can be shown 
that current practice is to make the main 
structural members of such a size that they 
are capable of withstanding loads of this 
order. It is therefore felt that it would be 
unwise to recommend designing for lighter 
loads until more experimental work has 
been carried out on this subject and posi- 
tive proof has been obtained to justify 
such a step. 

I agree with the correspondent that the 
high frequency vibrations of chassis 
frames are of considerable importance. 
That they are more important than is 
generally realized was mentioned in my 
contribution to the discussion on_ the 
paper entitled “Life Assessment Tests 
for Commercial Vehicles,” by John Alden, 
read before the Automobile Division of 
the Institution of Mechanical Engineers 
in London on the 13th January 1953. 
However, the stresses induced both by 
these vibrations and by the frequently 
recurring loads of about 4g referred to 
by the correspondent can be serious only 
from the point of view of fatigue failures. 
Practical experience and theoretical con- 
siderations suggest that vehicles designed 
for the maximum loads quoted in the 
article will have adequate fatigue strength 
so far as the light loads encountered in 
normal service are concerned. 

With regard to item (1) of the corre- 
spondent’s conclusions, the load of 15W 
quoted in the article referred, of course, 
to the dynamic loads only, as was stated 
in the first line of the paragraph in which 
it was quoted. However, some confusion 
may have arisen through the omission of 
the static load and I am grateful to Mr. 
de Bray for clarifying this point. 

The vertical load of +3W was adopted 
as a result of a study of research reports 
describing practical experimental work. 
One such report was described in the article 
as “the experimental work on commercial 
vehicles.” Unfortunately, this report has 
not been released for general publication 
so I cannot be more specific. It gives 
details of stresses induced in motor 
vehicle structures under various condi- 
tions of dynamic loading, and from it I 
drew the conclusion that, until more is 
known about the subject, it would be 
safest to assume that the plus and minus 
values of the vertical loading are equal. 
The value of 3g was decided upon not 
only because it was in general agreement 
with the findings of a number of in- 
vestigators but also because it appeared 
to be consistent with current design prac- 
tice. However, I agree with Mr. de Bray 
that this load may not be accurately 
representative of the true conditions, but 
as was stated in the article, it is con- 
sidered advisable to use it until more 
information is available. 

Item (3) in the letter refers to the simple 
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geometric relationship between vertical 
and rearward loads due to a bump. In 
answer to point (a), I maintain that the 
rearward load is the horizontal component 
of a resultant force, the vertical com- 
ponent of which includes both dead 
weight and acceleration forces; therefore 
it also includes the corresponding propor- 
tions of dead weight and acceleration 
forces. 

Point (b) raised by the correspondent, 
and his illustration, are only applicable if 
the full bump position is not attained. 
However, under the severe conditions that 
give rise to vertical accelerations of 3g, 
the suspension will certainly be up against 
the bump stop and the maximum vertical 
and rearward loads under these condi- 
tions will be applied simultaneously. 
Moreover, neglecting rotational inertia 
effects, the wheel may be assumed to pivot 
freely about its axis, so that the rearward 
and vertical loads must be interdependent, 
because the resultant of the two com- 
ponents passes through a common point 
on the wheel axis. 

Certainly a depression having a curved 


end of the same radius as that of the tyre’ 


would tend to give, at the first instant of 
impact, a more severe load than a kerb. 
However, the severity of this first shock 
will be reduced by the deflection of the 
suspension as it rides up over the edge of 
the depression, and the maximum load is 
likely to occur when the bump stop is 
struck. 


FUEL INJECTION NOZZLES 


Sir,—I read with much interest the 
article in your May issue entitled “ Fuel 
Injection Nozzles.” I think your readers 
may be interested to know that I carried 
out a similar investigation about 1938 and 
that the result brought to light a point 
which is not mentioned by Mr. Mansfield 
in your article. 

A_customer sent us nozzles showing 
erosion just similar to that illustrated in 
the figures in your article. We were fortu- 
nate in having an engine available of the 
same model as that in which the trouble 
was occurring. Our first step was to run 
tests with outlet jacket water temperatures 
as low as 80deg F, but these produced 
no effect. 

The next step was to form grooves 
across the face of the copper joint washer 
so that blowing took place which could be 
felt distinctly at the upper end of the 
nozzle holder, and which was sufficient 
to make starting difficult. Again there was 
no erosion. 

Finally the diameter of the nozzle was 
reduced over the shank where it fits into 
the cylinder head so that there was a 
diametral clearance of 1 mm. Under these 
conditions, in conjunction with a cooling 
water outlet temperature of 80deg F 
and running at no load, erosion was pro- 
duced exactly similar to that on_ the 
nozzles which had been submitted to us 
with the original complaint. 

It would be interesting to have Mr. 
Mansfield’s comments and to know what 
was the clearance between the nozzle and 
bore in the cylinder head in the case of 


his experiments. 
W. A. GREEN. 


Mr. Mansfield replies : — 

Mr. Green’s account of his experience 
with nozzle corrosion is most interesting, 
and is further evidence of the widespread 
occurrence of this trouble. 

In our own work we gave consideration 
to the effect of the diametral clearance 
between the nozzle and the bore in the 
cylinder head, but did not find it necessary 


to alter this from its original design value 
in order deliberately to produce corrosion. 
Later we investigated the effect of increas- 
ing this clearance because we thought this 
might be a suitable method of increasing 
the nozzle temperature, by virtue of the 
greater movement of hot gases along the 
sides of the nozzle, and hence of reduc- 
ing corrosion. A _ preliminary test had 
shown that increasing the mean diametral 
clearance from 0:30mm to 0-45mm by 
reducing the diameters of the nozzle stem 
(which tapered initially from 9-2 mm at 
the end adjacent to the cap-nut to 9-0 mm 
at the discharge end) caused a reduction 
of 7 deg C in the temperature of the 
copper washer surrounding the cap-nut 
end of the nozzle stem. This was attributed 
to the reduction in the surface area 
exposed to the hot gases and the reduction 
in the section of the metal conveying heat 
to the cooler end. The effect may account 
to some extent for Mr. Green’s finding. 

In view of this result, we made a series 
of tests on another engine using a new 
standard nozzle for each test, and pro- 
gressively increasing the clearance by 
enlarging the bore in the cylinder head. 
The diametral clearances used were 
0-425 mm (standard), 1-425 mm, 1-925 mm 
and 2:925mm, and the corresponding 
losses in weight of the nozzles in 30-hour 
runs were 70 mg, 23 mg, 40 mg and 25 mg. 
A check test with the 1-925 mm clearance 
gave a loss of weight of 73 mg. This wide 
scatter was thought to be associated with 
the extent of carbon deposition which 
varied considerably. 

In some later tests, separate water- 
cooled test pieces were used instead of 
nozzles. After tests with the Class A fuel 
previously used, the engine was run on a 
Class B fuel having a much higher sulphur 
content which was expected to result in 
an increased rate of corrosion. No measur- 
able loss of weight occurred. The clear- 
ance space adjacent to the combustion 
chamber was filled with very hard carbon 
which made removal of the test piece 
difficult. It was concluded that this carbon 
had protected the cool surfaces of the test- 
piece from the combustion gases. 

The rapidity with which the clearance 
space becomes filled with carbon may 
depend on the size of the clearance used, 
as well as on the fuel. It may be that in 
Mr. Green’s test the rate of carbon form- 
ation and the nature of the carbon formed 
were such as to seal the smaller clearance 
first used. If the nozzle were made a suffi- 
ciently tight fit in its bore, there would be 
little likelihood of attack, but this, of 
course, would probably cause distortion 
of the nozzle. 

In all the tests described above, the end 
of the nozzle remote from the combustion 
chamber was excessively cooled for the 
purpose of the experiments. We consi- 
dered that the supplementary findings 
supported the conclusion given in our 
report, that the best practical solution of 
the problem is to avoid excessive removal 
of heat from the nozzle, either by avoid- 
ing very low inlet water temperatures or 
by a suitable change in design of the 
cooling passages. 


CRANKSHAFTS 


AYSTALL ENGINEERING CO. 

LTD. have recently doubled the out- 

ut potential of their crankshaft factory. 

e shafts that can be produced range 
from small ones, 6 in long, to large ones 
7ft longx9in stroke for marine and 
stationary diesel engines. 
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DIESEL ENGINE PRODUCTION 


A Survey of the Equipment and Methods Employed 
by Frank Perkins Limited 


that in the production of internal 

combustion engines American 
output is in all cases far higher than 
British output. It is, therefore, not 
without point to emphasize at the out- 
set of these notes that Frank Perkins 
Ltd., Peterborough, produce more 
engines in the range with which they 
deal than any organization in the 
U.S.A. In fact, we believe that over 
this range the Perkins output is greater 
than the output from all the American 
factories. In its twenty-one years’ 
existence this organization has shown 
a remarkable growth. The years before 
the war saw a slow but continual 
increase in output; since the war, the 
increase has been spectacular. 

In 1946 the output was at the rate of 
3,500 engines per annum, but the 
demand was so greatly in excess of 
production potential that a new 
factory of 120,000ft® area, plus 
auxiliary buildings, was planned. This 
development was completed in 1947, 
but it soon proved insufficient to cope 
with the rising demand for Perkins 
engines, and in 1950 plans were drawn 
up for doubling the factory area. This 
second project is now approaching 
completion. It is noteworthy that 
although the factory area has been 
doubled, the output potential has 
increased fourfold. There has also been 


Tones is a generally held opinion 


a very marked reduction in the man- 
hours expended per engine. 

It is not intended that these notes 
shall deal in detail with all the produc- 
tion equipment nor with all the 
production methods, since in many 
respects the equipment and methods 
are broadly similar to those employed 
by other makers of high quality 
internal combustion engines. We may, 
however, note that some 75 per cent 
of the machine tools in use in the 
factory are less than three years old. 

Before any reference is made to the 
actual production processes, it is 
advisable to describe in some detail 
the general layout of the factory and 
the various materials handling 
methods that have been adopted. This 
is because these factors play a very 
important part in the overall efficiency 
of the plant. 

The original production factory, 
built in 1946/7, is a building 600 ft 
long x 200 ft wide. An extension 245 ft 
wide has since been added. This 
extension gives an added production 
area also 600 ft long x 200 ft wide. The 
remaining 45ft of the extension are 
accounted for by a central roadway 
20 ft wide and by space for the factory 
heating units, which were previously 
outside the wall of the original block. 

Six basic types of engines are pro- 
duced. They are the three, four and 


six-cylinder “ P” series engines, which 
are produced in the new block, and 
the six-cylinder “R” and “S” and 
the four-cylinder “L” types, which 
are produced in the original part of 
the factory. The complete factory lay- 
out and directions of work flow are 
shown in one of the illustrations. 


Materials handling 

As is only to be expected, one of the 
main aims in the planning of the fac- 
tory layout was to reduce materials 
handling to a minimum. The provi- 
sion of a central roadway has been a 
great help towards this desirable con- 
dition. Rough castings, such as those 
for cylinder blocks and heads, and 
rough _ stampings, such as those for 
connecting rods, are received in a 
separate building for inspection and 
any necessary fettling before they are 
delivered to the production process 
sections. All other bought-out goods 
are delivered direct to the appropriate 
point at one side or the other of the 
central roadway. Items that are 
common to all engines are delivered 
to a general stores for subsequent issue 
to the appropriate production point. 
Items that are peculiar to one type of 
engine are unshipped at the most 
convenient length along the roadway 
for issue direct to the process line. 

As far as_ possible, bought-out 


Part of the stores area adjacent to the central roadway 
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supplies are delivered in pallets. Frank 
Perkins Limited intend to make as 
wide a use as practicable of palletiza- 
tion, and they are already receiving 
co-operation in this matter from 
several suppliers. It was also decided 
to standardize the pallets in the 
greatest possible degree. The types of 
components were analyzed in relation 
to the process sections and, after full 
consideration of vehicle capacities for 
economical inter-works transport, a 
standard range of pallets was deve- 
Joped. The sizes decided upon are : — 


48 in long, 36in wide, 24in deep 
with solid bottom and 2in square 
mesh sides. 
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A general view of the machining section for P3 and P4 cylinder blocks 


36in long, 24in wide, 24in deep, 
solid throughout. 

24in square, 18in deep, corrugated 

solid pallets. 

Standard foot clearances have been 
allowed for lifting by fork truck, and 
normal “cup” locators are fitted to 
the base of each corner post. To pro- 
vide additional means for movement, 
lifting eyes are provided in the tops 
of the corner posts. Each of the two 
larger pallets will take loads up to one 
ton; the maximum load for the smaller 
pallet is } ton. Standard flat pallets, 
both wood and steel, in two sizes, 
40 in x 40 in and 36in x 30in, are also 
widely used. 


Two Archdale two-way multi-drilling machines. One machine drills the head and front 
faces of the P4 block, but only the front face on the P3 block. The second machine drills 


the head and rear faces of the P3 but only the rear end of the P4 block 
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Special pallets have been designed 
for certain components, such as cam- 
shafts and copper water manifolds. 
Small parts, such as nuts and bolts, 
are issued to the production sections 
in metal tote boxes 15in long, 10in 
wide and Sin deep. They are fitted 
with drop handles at each end and are 
housed in special support racks and 
shelves in positions convenient for the 
use of the parts. 

Conveyancer and I.T.D. 5/6,000 Ib 
capacity fork trucks with Perkins diesel 
engines are used for unloading 
materials along the central roadway 
and for general handling round the 
factory. Smaller electrically-powered 
models of the same make and Lansing- 
Bagnall pallet transporters are used for 
movement of materials along the pro- 
cess lines. For movement of materials 
over longer distances, petrol or elec- 
trically driven platform vehicles and 
tractor-trailer units are used. 

Overhead conveyors installed by 
Geo. W. King, Ltd., are widely used 
for transport between sections. When 
the project is completed, cylinder 
block castings will be transported by 
overhead conveyor from the casting 
preparation shop to the appropriate 
process machining line. To conserve 
floor area for actual productive pur- 
poses another overhead conveyor 
carries one day’s supply of machined 
cylinder blocks; in effect, this con- 
veyor is the storage area for the buffer 
stocks. Assembled engines are trans- 
ferred to the test shop on another 
overhead conveyor. Overhead con- 
veyors will also be used for carrying 
engines from the test shop to the 
engine finishing section and thence 
through the spray booth. 

Finally, careful thought has been 
given to the methods of materials 
handling on the process lines, a factor 
that is sometimes overlooked even in 
organizations that otherwise employ 
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excellent materials handling methods 
for movements between departments 
and sections. On the cylinder block 
and head lines, transfer of work from 
one machine to the next is generally 
by means of a roller track. Where 
necessary air hoists and grabs are 
installed for lifting the work from the 
track to the machine. 

As far as practicable, the machines 
are arranged to have a standard load- 
ing height and the work-holding fix- 
tures are arranged for through loading. 
Although the advantage of having a 
constant loading height for all 
machines is obvious, there are other 
factors to consider. For example, to 
maintain a constant and convenient 
loading height certain machines would 
need to be set in pits sunk in the floor. 
If this were adopted, the machine lay- 
out would be virtually inflexible. After 
due consideration of all the relevant 
factors it was decided that on certain 
process lines the machines should be 
mounted direct on the floor, irrespec- 
tive of loading height, so that if in 
future a change in layout appeared 
desirable, it could be easily effected. 
To meet higher than standard loading 
heights on the cylinder block lines, 
short lengths of roller track with 
pneumatic lifting arrangements are 
installed at the appropriate stations. 
For smaller components, such as main 
bearing caps, elevator conveyors are 
used where the working station of a 
machine is considerably above the 
standard loading height. 

In processing the cylinder blocks 
there is inescapable necessity to turn 
the component through 90 or 180 deg 
about its longitudinal axis from time 
to time. To allow this to be carried out 
easily without fatigue to the operator 
or damage to the work, roll-over 
devices are incorporated in the roller 
track. 


Production layout 

Practically all the productive pro- 
cesses are carried out in the main 
building. In fact, the only components 
produced in the auxiliary buildings are 
the various pipes and the injection 
nozzles. These notes will deal only 
with the processes carried out in the 
main building; nozzle manufacture will 
be the subject of a separate article. 

The factory is bisected longi- 
tudinally by the central roadway so 
that there are two production blocks 
of equal area... “SS” and 
engines are produced in one block and 
“P” series engines in the other. There 
are several sections in each block 
devoted to the production of only one 
specific component for a certain type 
of engines in other areas work is 
carried out for all types of engines. 
For example all automatic machining 
is carried out in one section. 

Although manufacture is restricted 
to a range of six basic engines, the 
output goes to some hundreds of 
organizations in 118 different coun- 
tries; it is, therefore, not surprising 
that there are detail differences 
between engines of the same basic 
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types that are in- 
tended for different 
applications. 
To deal with 
special require- 
ments to suit parti- 
cular applications 
there are three 
general purpose 
machining sections. 
These are essen- 
tially small quantity 
production sections. 

The main pro- 
duction sections 
are laid out with 
the work flow at 
right angles to the 
central roadway. 
Every section is so 
laid out that the 
final machining 
operation is carried 
out as near as pos- 
sible to the point at which the com- 
ponent will be needed in the sub- 
assembly or main engine assembly line. 
Although the machines are compactly 
arranged so that in many cases one 
operator can tend several machines, 
the operators have ample space. There 
are four engine assembly lines, two 
running down one side of the factory 
and two down the other, parallel to 
the central roadway. 


Cylinder block production 

In some respects the most interesting 
of the cylinder block lines is that on 
which both P3 and P4 blocks are 
machined, since it has been laid out 
to allow a rapid change-over from one 
type to the other. Most of the machines 
in the line are used on both three and 
four-cylinder blocks, but for certain 
operations it has been advisable to 
have separate machines for each type. 
Change-over can be effected without 
stopping production for more than 20 
minutes, 


Archdale horizontal multi-drilling machine with a three-station 
fixture that incorporates amanually operated pawl type transfer bar 


A Heller duplex mill with retractable 
heads is used for the first operation on 
both blocks. The work fixture has two 
stations, one for four-cylinder and one 
for three-cylinder blocks, so that to 
make the change-over from one to the 
other it is only necessary to adjust 
the table stops. At this operation the 
sump and head faces are rough milled. 

The casting is loaded into the fixture 
with the off side uppermost. It is sup- 
ported on two pegs which pass through 
holes cored to the water passages and 
contact two cylinder walls. A_ third 
support engages a flat pad on the sump 
flange. Air clamping is employed. It is 
so arranged that when the control lever 
is moved one pair of clamps push the 
casting to the left until the sump face 
contacts a pair of stop pads, while at 
the same time a pneumatic plunger 
pushes the work longitudinally until 
the rear end face contacts a location 
stop. 

Two Wimet cutters are used. One is 
16in diameter and has 38 teeth and 


Heller duplex mill for rough machining the head and sump faces of the L4 cylinder block 
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A Heller duplex machine for milling the ends of L4 cylinder blocks. 
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In the background 


there are two Burkhardt and Weber horizontal multi-spindle drilling machines 


machines the sump face; the other, 
for the head face, is 14in diameter 
and has 34 teeth. Both cutters run at 
63r.p.m., the cutting feed rate is 20 in 
per minute and the depth of cut 
approximately 4 in. At the end of the 
forward stroke, the cutter heads are 
automatically retracted and the table 
returns to the forward position at rapid 
traverse. The floor-to-floor time for 
this operation is 3-2 minutes. A similar 
machine with a similar set-up is used 
for the next operation at which the 
sump face is finish milled and the head 
face semi-finished. The same size 
cutters are used as those used at the 
first operation and the feed rate is also 
the same, The milled sump and head 
faces give accurate height locations for 
subsequent operations. 

At the next operation, which is per- 
formed on a Kitchen and Wade radial 
arm drill, holes are drilled in both the 
head and sump faces. Two of the holes 
in the sump face are also reamed to act 
as register points for accurate longitu- 
dinal and transverse location at sub- 
sequent operations. A trunnion type 
two-position indexing fixture is 
mounted on the machine table. The 
casting is loaded into the fixture with 
the sump face down. Transverse loca- 
tion is effected by two pegs that contact 
the side walls of two cylinders and 
longitudinally by a pin that contacts 
the rear end cylinder wall. The pegs 
for locating against the side walls of 
the cylinder bores are carried in a yoke 
in holes appropriate to the type of 
block that is to be machined. Loose 
jig plates are used for governing the 
positions of the holes drilled in the 
head face; bushed holes in the base of 
the fixture control the positions of the 
holes in the sump face. 

From the radial arm machine, the 
casting is transferred to a Heller 
machine for rough boring the cylinder 
bores. At this stage separate machines 
are used for P3 and P4 blocks. There 


are two branches of roller track, one 
serving six-spindle Heller vertical 
borer on which the P3 block is rough 
bored under the first three spindles 
and then semi-finish bored under the 
other three. The other track leads to 
two four-spindle Heller vertical borers 
on which the P4 block is rough and 
then semi-finish bored. Apart from the 
differences to suit the number of 
cylinders, the tooling and the work fix- 
tures are basically the same for both 
P3 and P4 blocks. 

‘The casting is loaded into the fixture 
with the sump face down and _ is 
located by manually-operated plungers 
that register in the sump face dowel 
holes, Snout type spindles are used. 
Each carries three inserted carbide 
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cutters. The surface cutting speed is 
200 ft/min, and the machine cycle is 
fully automatic. For both roughing 
and semi-finishing the feed rate is 
2 in/min. 

Following the semi-finishing opera- 
tion in the cylinder bores the block 
returns to a common track for transfer 
to another Heller duplex mill with 
retractable heads, which is tooled for 
milling certain pads on both sides cf 
the casting. The work is secured in the 
fixture by means of two pneumatically- 
operated clamps so placed that they 
will hold either a three or a four- 
cylinder block without any adjustment. 
Two Wimet cutters are used. Each is 
6in diameter and has 14 teeth. The 
surface cutting speed is 250 ft/min and 
the feed is 20 in/min. 

Certain pads on the near side of the 
block still remain to be machined at 
the next operation, which is carried 
out on a Cincinnati plain mill. This 
machine has a higher working height 
than is standard for the line, and to 
allow easy loading and unloading a 
short length of the track is arranged 
for pneumatic elevation to the desired 
height. 

Between the Cincinnati machine and 
the next operation, a roll-over fixture is 
incorporated in the track. It is used to 
turn the block through 180 deg to bring 
the sump face uppermost. In_ this 
position the casting is loaded into an 
Archdale  limited-adjustment, mullti- 
spindle drilling machine. this 
machine the bearing cap stud holes are 
drilled and holes are drilled and coun- 
tersunk in the sump face by means of 
stepped drills. There is a separate 
machine for each type of block. 

The next machine, also a limited- 
adjustment Archdale vertical multi- 
drill, is used for both P3 and P4 
blocks. It has 16 spindles and _ is 
arranged for rough and finish counter- 


Burkhardt and Weber three-station transfer machine tooled for drilling, core drilling 
and reaming eight tappet holes in the L4 block 
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boring the bearing cap stud holes. The 
work fixture on this machine is interest- 
ing inasmuch as it incorporates a 
manually-operated transfer bar mech- 
anism for indexing the work three 
times. 


Transfer arrangements 

A table which can be raised and 
lowered is incorporated in the fixture. 
‘The work is loaded with the table in 
the lowered position. The table is then 
raised to bring the sump face into 
contact with a datum face at the top of 
the fixture and locating plungers in the 
top of the fixture register in the sump 
face dowel holes. In this position six 
holes are rough counterbored when a 
P4 block is being machined. 

When the’ machine head has 
retracted, the work is lowered and the 
transfer mechanism is actuated by 
handwheel to carry the block to the 
next station. At the predetermined 
position positive stop prevents 
further rotation of the handwheel. The 
work is then raised and the six holes 
are finish counterbored. At the position 
reached after the second indexing, the 
other four holes are counterbored; 
they are reamed at the final position. 

To ensure correct positioning, the 
transfer bar is operated in conjunction 
with a selector lever and a graduated 
index scale. The scale is so graduated 
and the locating plungers are so 
arranged that either P3 or P4 blocks 
may be indexed and accurately located 
through the successive positions in the 
fixture. 

Before the next operation the block 
is turned on to the sump face in a roll- 
over fixture and is then transferred to 
an elevating fixture for loading in to 
a Cincinnati duplex mill that is tooled 
for machining the ends of the block. 
The milling cutters are 16 in diameter 
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Huller two-station automatic transfer machine for drilling oil holes for the main and cam- 
shaft bearings 


and have 24 teeth. They run at a 
surface cutting speed of 220 ft/min at 
a feed of 10 in/min and remove } in to 
is in of metal from each end face. 
There are interesting features in 
connection with the next two machines 
in the line. They are both Archdaie 
machines with two-way multi-spindle 
drill-heads, one vertical and one hori- 
zontal. For P4 blocks the first of these 
machines is used to drill 19 holes in the 
head face and 17 holes in the front end 
face, but for P3 blocks only the hori- 
zontal head is used to drill 17 holes in 
the front end face. On the second 
machine only the horizontal head is 
used for P4 blocks; it drills 14 holes 
in the rear end face. Both heads are 


Archdale multi-spindle drill with a four-station fixture for drilling and rough and finish 
counterboring the bolt holes in cluster castings for P6 bearing caps 


used on P3 blocks, the vertical to drill 
holes in the head face and the hori- 
zontal to drill holes in the rear end 
face. 

On the second machine, one of the 
locating plungers has an_ eccentric 
mounting in the fixture and can_ be 
moved into or out of the working posi- 
tion to ensure that when the vertical 
head is in use only P3 blocks can be 
loaded. Alternatively, when the vertical 
head is out of use and the plunger is 
in the other position only P4 blocks 
can be loaded. 

At the next operation a horizontal 
drilling machine is used to drill the 
pressure rail in two stages. This hole 
is first drilled halfway through from 
one end and the casting is then 
reversed to allow the hole to be drilled 
through from the other end. The work 
fixture incorporates means for ensuring 
exact alignment. ‘This operation has 
the longest cycle time in the machin- 
ing sequence, the floor-to-floor time is 
6-4 minutes. 

For the next operation it is necessary 
to turn the casting to rest on the front 
end face. To allow this to be easily 
effected there is a special air-operated 
fixture at the junction of two lengths of 
roller track that are at right angles. 
Essentially, it is a trunnion mounted 
cradle that can be rotated about its 
horizontal axis, while the trunnion 
support can be rotated about a vertical 
axis. The casting is up-ended in this 
device and turned toeface the work 
station on a Kitchen and Wade machine 
to which it is transferred by means of 
an air hoist. The machine is tooled for 
machining two starter cradle mounting 
vads. Two cutters, one for each pad, 
are mounted on the boring bar. Since 
the cut is intermittent a 12 in flywheel 
is mounted between the cutters to 
ensure a good quality of surface finish 
and long tool life. 

At the completion of this operation 
the casting is returned to the trunnion 
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cradle, is turned through 90 deg and 
transferred to the roller track. Before 
it reaches the next machine, the casting 
is turned in a roll-over fixture on to its 
off side ready for loading into a Cin- 
cinnati plain milling machine tooled 
for gang milling the main bearing faces. 
All faces except the outer ones of the 
front and rear bearings are finished at 
this operation. A surface cutting speed 
of 200 ft/min and a feed of 1} in/min 
are employed. 

An Archdale limited adjustment 
horizontal multi - spindle drilling 
machine is used for the next operation. 
The work fixture incorporates 
manually-operated pawl-type transfer 
bars by which the work can be indexed 
to three successive stations. At each 
position the work is accurately aligned 
with the locating plungers. This 
machine is used for drilling, reaming 
and countersinking holes in the cam 
side of the block. All three stations are, 
of course, loaded simultaneously. The 
machine for the next operation is of 


the same type but is tooled for 
drilling holes in the near side of 
the block. 


To complete the drilling of holes in 
the ends of the block and to spot-face 
bosses on the sides, the casting is trans- 
ferred by air hoist to an indexing fixture 
on a Kitchen and Wade radial arm 
drill. The fixture, which is manually 
indexed, allows the sides and ends to 
be brought into position quickly and 
easily. At three successive stations the 
holes in the sump and head faces, sides 


An elevator conveyor taking bearing cap cluster castings to a 
broaching machine 
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and ends are tapped before the bearing 
caps are fitted. 

After the bearing caps have been 
fittted the block is transferred to an 
Archdale two-head horizontal borer 
tooled for core drilling the camshaft 
and main bearings and for machining 
the chain tensioner recess. One head 
is tooled for core drilling two camshaft 
bores and three main bearings from the 
rear end of the block. The other head 
carries a core drill for the remaining 
camshaft bore, a core drill for two main 
bearings in the case of a P4 block, and 
a four-tooth facing cutter for machin- 
ing the chain tensioner recess. Both 
heads have variable feed motions so 
that when the tools clear one bearing 
the traverse changes from feed rate to 
rapid rate and then slows down as the 
next bearing is reached. 

Semi-finish boring of the camshaft 
and main bearing bores is then carried 
out on an Asquith horizontal pull- 
boring machine. One boring bar carries 
three tools, one for each camshaft bear- 
ing; the other carries five tools for P4 
and four tools for P3 blocks, one for 
each main bearing. The work fixture 
includes arrangements to allow the bars 
to be passed through the bores without 
fouling the casting before the operation 
and to allow bar withdrawal when the 
operation is completed. 

Briefly, the arrangement is that the 
work is pushed back in the fixture until 
it contacts a pair of stop pads. At this 
position it also depresses a switch that 
operates a green signal light to indicate 
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that the work is in the correct position 
to allow the boring bars to be advanced 
to the starting position. When the bars 
are fully advanced, the back stops are 
freed pneumatically and the work is 
pushed by hand to the final position to 
allow the locating plungers to register 
in the dowel holes in the sump face. 
There are electro-mechanical interlocks 
to ensure that the machine cannot be 
started until the bores and the cutters 
are correctly aligned. At the completion 
of the cut, the boring bars must be 
rotated manually to bring the tools into 
the correct position for withdrawal and 
the work must be moved forward 
before the rapid withdrawal motion can 
be engaged. 

The main bearing bores are then 
finished to size on a Heald Borematic. 
A quickly-detachable boring bar with 
a tool for each bearing is used. When 
the casting is placed in the fixture it 
rests on six spring-loaded plungers and 
is in such a position that the boring bar 
can be passed through the bearings 
without the tools fouling the work. As 
soon as the bar is in position, the 
plungers are lowered and boring starts. 
At the end of the cut, the spring-loaded 
plungers are raised and the work is 
lifted sufficiently to allow the bar to be 
freely withdrawn. 

From the Heald machine the casting 
is transferred to a Heller duplex mill 
on which the front and rear faces are 
finish machined. The set-up is approxi- 
mately similar to that used for rough 
machining the ends. The bearing caps 


Weatherley Oilgear surface broaching machine for splitting cluster 
castings into individual caps 


4 
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are then removed and the camshaft 
bearings are fine bored on a Heald 
double-end Borematic. The front and 
intermediate bearings are machined 
from one head and the rear bearing 
from the other. Oil holes in the main 
bearings are then drilled and counter- 
bored on a Kitchen and Wade radial 
arm machine. Following this, the head 
face is given a finishing skin cut on 
a Heller vertical mill. A 14 in diameter, 
34-tooth cutter is used at a surface 
cutting speed of 300 ft/min, and a feed 
of 20 in/min. 

At this stage there are separate 
machines for P3 and P4 blocks for fine 
boring the cylinder bores. They are 
Heller machines of the types described 
earlier for rough and semi-finishing the 
bores. When the fine boring is com- 
pleted, a recess for locating the cylinder 
liner is machined in each bore on a 
Pollard column drilling machine. The 
liners are then pressed in and the 
block is transferred to a Heller multi- 
spindle vertical borer for fine boring the 
liners to a total tolerance of 0-001 in. 
A rough honing operation is then 
carried out on a Kitchen and Wade 
single spindle machine. The stones 
are 200/260 grit and run at 20r.p.m. 
and 80 strokes /min. 

There is an appreciable length of 
track before the next machine is 
reached. This allows the honing fluid 
to drain from the block and also allows 
frazing and certain grinding operations 
with hand tools to be carried out. Core 
plugs are then fitted and the block is 
pressure tested, water jackets at 50 and 
oil-ways at 80 lb/in?. 

From the water test the block returns 
to the roller track and a full inspection 
is carried out. There is an appreciable 
length of track before the next machine 
is reached. The buffer stock carried on 
this length ensures a minimum settling 
time of 16 hours before the finish 
honing is carried out on a Kitchen and 
Wade single-spindle machine. 

From the finish honing operation the 
casting passes to a length of track on 
which it remains for a period to allow 
the honing fluid to drain away. It is 
then transferred by pneumatic hoist to 
a sub-assembly section. The casting 
passes through this section on a roller 
track, and to ensure that the joint face 
will not be damaged, it rests on a small 
pallet. Main bearing shells, dowels 
and thimbles are fitted and the sub- 
assembly is passed to a Heald Borematic 
on which the shells are fine bored. 


From the boring machine the block 
is transferred to another length of 
roller track, where the main bearings 
and caps are removed and placed in a 
tray to accompany the casting to the 
engine assembly line. All the studs are 
then assembled and the oil seals are 
fitted to the rear bearing. The block 
then passes through a Curran washing 
machine, and after it leaves the machine 
all passages are blown out by means of 
a fine nozzle fitted to an air line. To 
complete the work preparatory to trans- 
ferring the block to the engine assembly 
line, the crankshaft is fitted. . 
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Asquith three-way drilling machine for rough, semi-finish and finish machining the com- 
bustion chambers in P6 cylinder heads 


L4 cylinder blocks 

Cylinder blocks for L4 engines are 
produced on a more recently installed 
line. The operation sequence is broadly 
the same as that for P3 and P4 blocks 
but there is considerably less handling 
to be done. With few exceptions the 
machine tools are of German manufac- 
ture, a development that was forced by 
the difficulty in obtaining delivery of 
British machine tools. 

As with the P3 and P4 blocks, the 
machining sequence starts on a Heller 
duplex mill with retracting heads for 
rough milling the head and sub-faces, 
and at the second operation a similar 


machine finish mills the sub-face and 
semi-finishes the joint face. For the 
third operation, instead of a radial arm 
machine, there is a Burkhardt and 
Weber multi-spindle vertical drill. It 
is used to drill the holes in the sump 
face and to ream the dowel holes for 
locations at subsequent operations. This 
machine has two heads and there is 
provision for direct transfer from one 
head to the other. 

Further savings in handling in com- 
parison with the P3 and P4 blocks are 
effected by the greater use of multi- 
spindle drilling machines and an even 
more marked saving comes through the 


A six-station Archdale automatic in-line transfer machine for drilling holes in the top and 


combustion faces of the L4 cylinder head 
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The second Archdale automatic transfer machine for L4 heads. 


Finishing operations on 


valve guide holes and valve seats are carried out on this machine 


The loading station of the Blanchard automatic grinder for connecting rods and caps 


use of multi-spindle tapping machines. 
A greatly improved method is also used 
for drilling the oil pressure rail. For 
this operation on the L4 block, a 
double-ended multi-head Burkhardt 
and Weber machine is used. There are 
three stations. At the first station the 
oil pressure rail is drilled 4in in from 
each end and from one head the idler 
hole is drilled through; at the second 
the oil pressure rail is drilled to a depth 
of 8 in from each end and the idler hole 
is opened out to a depth of Lys in; 
finally at the third station the pressure 
rail is drilled through and the idler hole 
is recessed and chamfered. 

Another interesting Burkhardt and 
Weber machine is a vertical multi- 
spindle drill with a three-station fixture 
arranged with hydraulically-operated 
transfer of the part from station to 


station. At the first station eight tappet: 


holes are drilled; at the second they are 


core drilled and reamed at the third 
station. 

At a later stage a two-station Burk- 
hardt and Weber machine is used for 
drilling and fine boring the oil pump 
bore. At the first station the bore is 
drilled to two diameters with a stepped 
drill. The block is then moved by a 
manually-operated transfer bar to the 
second station where the two diameters 
are fine bored. Of the remaining oper- 
ations on this block, the only one call- 
ing for comment is the set-up for drill- 
ing the oil holes from the main bearings 
into the pressure rail. A five-spindle 
Huller machine is used. It has five 
independent heads set at the appro- 
priate angles. There is reciprocating 
motion for each spindle. A two-station 
fixture is used. Three holes are drilled 
with the block in one station and the 
work is then transferred to the second 
station where two holes are drilled. 
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Main _ bearing caps 

Interesting and remarkably efficient 
methods are used for the production of 
main bearing caps. These components 
are made from Meehanite cluster cast- 
ings; that is, a P6 integral casting even- 
tually becomes seven caps of four 
different sizes, a P4 casting becomes five 
caps of four sizes and a P3 casting 
becomes four caps of three sizes. The 
production methods are substantially 
the same for the caps for all three 
engines, and in fact, many of the 
machines are used for all three. These 
notes will describe the methods 
employed in the production of P6 caps. 

Machining starts on a Weatherley 
vertical surface single-slide broaching 
machine with a two-station fixture. It 
is tooled for broaching the joint face 
and the backs of the bolt bosses. At the 
first station, location is talcen from the 
rough half bore and the bolt bosses are 
finish machined. At the second station, 
location is taken from the machined 
back of the bolt bosses and the joint 
face is broached in relation to the back 
of the bolt bosses. The broaching speed 
is 16 in/min. 

The integral casting is then trans- 
ferred to an Archdale 42-spindle 
vertical drill with a four-station fixture 
arranged for manual indexing. Loading 
is effected at the first station with loca- 
tion from the back of the bolt bosses 
and the half bore. At the second station 
the 14 bolt holes are drilled. They are 
counterbored and countersunk at the 
third station, and reamed at the fourth. 
Following this, five holes for suction 
pipe clips are drilled at one station on 
a Herbert two-spindle machine and 
then countersunk and tapped at the 
second station. A Herbert single-spindle 
drill is then used for countersinking 
the bolt holes on the back of the bolt 
bosses. For the final machining oper- 
ation on the integral casting, the work 
is transferred on an elevating conveyor 
to a Weatherley Oilgear vertical surface 
broaching machine for parting off into 
individual caps. At the same time side- 
cutting broaches machine the ends of 
the casting. Five passes are necessary to 
complete this operation. The cycle is 
fully automatic with the shuttle table 
advancing a predetermined amount 
towards the tools between successive 
strokes of the slide and then retracing 
to the loading position after the last 
stroke. 

Only a single operation is needed to 
complete the intermediate bearing caps; 
a dowel hole is drilled and reamed. 
Front main bearing caps are machined 
in pairs on a Drummond capstan lathe. 
On this machine the two caps are faced 
and a diameter is rough and finish 
turned from the front tool box, while a 
groove is formed from the rear tool 
post. Three angular holes are then 
drilled through to the half bore on an 
Archdale radial drill. Following this, 
front and rear caps are loaded in pairs 
into a drilling fixture on a Herbert two- 
spindle drill. Four holes are drilled and 
the pair of components is then trans- 
ferred complete to a tappet fixture 
under the, second spindle where the 
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holes are tapped. To complete the 
machining, a dowel hole is drilled and 
reamed on an Archdale single spindle 
machine. The sequence for the rear 
main bearing cap differs only slightly 
from that for the front cap. 


Cylinder heads 


It is not intended to follow the 
machining sequence on any of the 
cylinder heads in detail, but to refer 
only to some of the more interesting 
developments. For example, there is 
an Asquith three-way horizontal screw- 
unit multi-drilling machine with a 
manually indexed table for roughing, 
semi-finishing and finishing the com- 
bustion chambers in the P6 cylinder 
head. The components rest on the joint 
face and are located in the work fixture 
from the tappet holes. Combination 
form cutters mounted at the first work- 
ing station rough form the combustion 
chambers and recesses. At the second 
working station the combustion 
chambers are finished and the recesses 
are semi-finished. The recesses are 
finish machined at the final station. All 
the tools work at a surface cutting speed 
of 40ft/min and a feed of 1 in/min. 

Probably the most highly developed 
line for cylinder head production is 
that for the L4 component. This line 
includes two Archdale multi-station in- 
line automatic transfer machines. One 
interesting set-up in this transfer line 
is on a Heller duplex milling machine. 
The work fixture on this machine is 
arranged to hold three cylinder heads, 


Blanchard automatic rotary surface grinder for 


and caps 
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two with their longitudinal axis parallel 
to the longitudinal axis of the machine 
table and the other with its longitudinal 
axis at right angles. Each casting passes 
through the machine three times. At 
the first pass both ends are machined; 
the casting is then transferred to the 
second position in the fixture and one 
side is machined at the next pass; the 
casting is then transferred to the third 
position for the other side to be 
machined at the third pass. 

Each of the Archdale automatic in- 
line transfer machines has six working 
stations. The-component is loaded into 


the first machine with the top face. 


uppermost. At the first station 18 holes 
are drilled in the top face from a 
vertical head, and four spherical com- 
bustion chambers are rough bored and 
rough recessed from a horizontal head. 
At the second station, eight valve guide 
holes and four injection holes are drilled 
in the top face and the spherical com- 
bustion chambers drilled at the first 
station are finish machined and the 
recesses are semi-finished. Four inijec- 
tion holes are drilled in the top face 
and six recesses in the combustion face 
are finished at the third station. At the 
fourth station 10 holes are drilled in 
the top face and two are drilled in the 
exhaust face. The four injection holes 
in the top face are drilled through at 
the fifth station and eight holes are 
drilled in the combustion face. At the 
final station eight valve guide holes are 
semi-finish reamed and four injection 
holes are finish bored in the top face, 


connecting rods 


and eight part-drilled holes in the 
combustion face are drilled through. 

The second transfer machine follows 
immediately in the sequence. For load- 
ing into this machine, the casting is 
turned to bring the joint face upper- 
most. At the first station, four inlet and 
four exhaust valve ports are core drilled 
in the top face and four combustion 
throats are core drilled in the combus- 
tion face. The valve seats and recesses 
are cut from one head and the spray 
clearance for the nozzle apertures is cut 
from another head at the second station. 
There is only a single head at each of = 
the remaining stations. At the third 
station four combustion throats are core 
drilled and are finished at the fourth 
station. The remaining combustion 
throats are finish formed at the fifth 
station. To complete the operations on 
this transfer machine the inlet and 
exhaust valve seats and ports are finish 
machined and the valve guide holes are 
finish reamed. 


Connecting rods 

The connecting rods are received as 
separate forgings. They are in chrome- 
molybdenum steel. Certain preparatory 
work is done on each in the casting 
preparation department before they are 
delivered to the process machining line. 
These notes will deal only with the 
production of connecting rods for the 
“P” series engines. The rods produced 
in this section are common to all three 
engines. 


Before the machining proper starts 


Weatherley Oilgear double-slide machine for broaching’‘ P’ series 
connecting rods and caps 
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Burkhardt and Weber 32-spindle machine for drilling and reaming bolt holes in ‘P’ series 
connecting rods and caps 


on the rod, the large end is centre 
drilled on the joint faces at two points 
coinciding with the bolt hole centres, 
and the small end is centre drilled in 
an extension boss. These centres act as 


location points for subsequent opera- 
tions. They are of such importance as 
to merit 100 per cent inspection. The 
rod is then mounted in a Herbert 
Carbicut lathe for turning the piston 
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bore clearance at high speed. 

At the next operation the side faces 
of rods and caps are ground together 
on a Blanchard rotary automatic surface 
grinder. This is a two-head machine 
with one head set slightly lower than 
the other so that rough and finish 
grinding are effected in one pass. The 
caps and rods are mounted alternately 
in fixtures on the rotary table. These 
fixtures are arranged in pairs, one pair 
is used for the first pass, after which 
the components are turned and 
mounted in the second pair, which are 
slightly higher, for grinding the other 
side. 


Electronic sizing 

The height of the wheels in relation 
to the work is controlled by an elec- 
tronic sizing device. Each piece as it 
leaves the finishing wheel passes under 
a feeler that registers wheel wear from 
the increased thickness of the com- 
ponent. When the tolerance limit is 
approached, the wheel heads are auto- 
matically fed down a_ predetermined 
amount. The work holding fixtures 
incorporate clamps which are auto- 
matically operated by the action of a 
cam track as the work approaches the 
first wheel. They are automatically 
released after the work leaves the 
second wheel. 

For the next operation the rod is 
located from the three centres in a 


The assembly conveyors for Perkins ‘P’ series engines 
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four-station fixture on a Burkhardt and 
Weber nine-spindle machine. Three 
rods are mounted at each station. At 
the first working station the small end 
of each rod is drilled to 1 in diameter, 
at the second the hole is core drilled, 
and at the third reamed to size. The 
machine cycle is completely automatic 
and the components are loaded and 
unloaded during the cutting cycle. 

Location is again taken from the 
three centres for the next operation, at 
which the small end bore is fine bored 
and chamfered. A four-spindle Preci- 
max machine is employed. It has a 
four-station fixture so arranged that 
while two components are being 
machined the other stations in the fix- 
ture are being unloaded and re-loaded. 

Rods and caps are machined simul- 
taneously on the next machine in the 
sequence, a Weatherley Oilgear vertical 
double - slide surface _ broaching 
machine. There is a two-station fixture 
for each slide, one for rods and one 
for caps. At the first rod station the 
component is located from the small 
end bore and the piston bore clearance 
for broaching the half-bore. After the 
half-bore is broached the rod is trans- 
‘ferred to the second station where the 
joint faces and the backs of the bolt 
bosses are broached. Clamping is 
effected automatically. 

In the first cap fixture the com- 
ponent is located on one of the ground 
sides and the sides and backs of the 
bolt bosses are broached. At the 


second station the half-bore and the 
joint faces are broached. Two cutting 
speeds are employed. The first 53 in 
of slide travel is at 180 in/min; to give 
a good quality of surface finish this is 
slowed down to 60 in/min for the final 
12 in. 
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Overhead turn-over fixture for changing the engine location in the assembly fixture 


A 32-spindle Burkhardt and Weber 
machine is used for the next major 
operation, drilling and reaming the bolt 
holes. It has a_ five-station fixture 
arranged to take four components at 
each station. To ensure exact align- 
ment of the bolt holes a cap and rod 
are assembled together in each work- 
holding fixture. At the first working 
station two holes are part drilled in 
each of the four assemblies. They are 
drilled through at the second working 
station, rough reamed at the third, and 
finish reamed at the fourth. From this 
stage on, the cap is kept with the same 


The test shop in the new Perkins factory 


rod. This machine has a very high 
output rate, since not only are four 
rods and caps produced simultaneously 
but the speeds and feeds are also high. 
Drilling and rough reaming operations 
are carried out at 4621r.p.m., and the 
finish reaming at 180r.p.m. The feed 
rate is 0-94 in/min. 

A U.V.A. autematic internal grinder 
is employed for grinding the large end 
of the assembled rod. The location is 
taken from the small end bore and one 
side of the large end. Rough and finish 
boring are effected at one setting. The 
roughing operation is manually con- 
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trolled to leave about 0-008in to be 
removed during the automatic finishing 
cycle. To complete the machining the 
small end bush is fine bored and the 
rods are then weighed into sets of six, 
four and three for P6, P4 and P3 
engines. Each set must balance within 
2 oz. 


Assembly 

In general, the sub-assembly line 
may be regarded as continuations of 
the machining line, with components 
passing direct from the final machine 
to assembly. The sub-assembly lines 
are arranged to feed direct to the main 
assembly conveyors. There are four 
engine assembly conveyors, one for 
P6, one for P3 and P4, one for L4 and 
one for R6 engines. 

Three of these conveyors, the most 
recently installed, are of the pallet type 
with stations 4ft 6in apart. The 
fourth, for R6 engines, is of an older 
type with 7 ft 6in station spacing. On 
this older conveyor the engines are 
assembled on trolleys attached to a 
floor conveyor. The trolleys are 
designed to allow the assembly to be 
rotated round the crankshaft axis so 
that any desired face can be brought 
to a convenient working position. 


Pallet conveyors 

On the other engine assembly con- 
veyors, each pallet carries a turntable 
fixture that can be rotated through 
360 deg about a vertical axis, so that 
the engine can be turned to any con- 
venient position to allow work to be 
carried out from only one side of the 
conveyor. The transfer of cylinder 
blocks to the appropriate assembly 
conveyor is effected by means of a King 
electric hoist with a power traction 
unit. A special grab is used so that the 
block may be turned through 180 deg. 
Operation of a control switch causes 
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the block to be transferred auto- 
matically to the assembly conveyor. 
Empty grabs are returned in a similar 
manner. 

During assembly there is necessity 
to turn the engine about its crankshaft 
axis. At each station where the engine 
needs to be turned, there is a King 
electric hoist with a special turn-over 
grab. The turntable fixtures on the 
pallets have been designed to accom- 
modate the engine in three different 
positions, that is, on the head face, the 
sump face and the side face. 

The pallet fixtures on the assembly 
conveyor for P4 and P3 engines are 
not only designed to take the engine 
in three positions but also to take both 
engines. Change-over from one engine 
to another is effected by a simple 
adjustment of the supports. An inter- 
esting feature of the pallet type 
assembly conveyors is the arrangement 
made for returning the fixtures from 
the end of the track to the beginning. 
With the normal arrangement there 
would, of course, be as many fixtures 
on the return length of conveyor as on 
the working length, but this installa- 
tion designed and built by Geo. W. 
King Ltd. has a fast return conveyor. 
At the end of the assembly line the 
pallet, and with it the empty fixture, is 
freed from the conveyor chain to run 
down a gradient on to the fast return 
conveyor. Because of this arrange- 
ment, only two spare fixtures are 
needed to keep the 37 working stations 
supplied. 


Engine testing 

Assembled engines are transferred 
to the test shop on a King overhead 
conveyor installation. This conveyor 
feeds switch lines in the test shop. 
These lines hold a buffer stock of 
engines between the assembly and the 
test beds. There are seven overhead 
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travelling transporters for lowering 
engines on to the test beds. Every 
engine is given a functional test for 
performance and fuel consumption. 
The type of test brake mainly used is 
a Perkins-designed bed based on an 
electric motor generator that forms a 
load resistance against which the engine 
is run. Power thus produced is fed 
back into the mains and used in the 
factory. To economize in floor space 
the beds are constructed in pairs. There 
are 25 such units. Heenan dynamatic 
dynamometers are also used. As far as 
possible all the equipment in the test 
shop has been designed to be applic- 
able to every type of Perkins diesel 
engine. 

After the test is completed the basic 
engine is taken by overhead conveyor 
to the engine finishing line, where the 
special parts for the specific applica- 
tions are fitted. Finally, the engine is 
spray painted to specification. 

A remarkable increase both in total 
output and in output per man-hour 
that has been achieved in this new 
factory is the cumulative effect of many 
different factors. Some of the more 
important factors may be briefly 
recapitulated. In the first place, atten- 
tion may be drawn to the very efficient 
use that has been made of floor area. 
At every station there is adequate room 
and yet the machines are so compactly 
arranged that where the time cycle 
allows, one operator is able to tend two 
or more machines. The policy of 
maintaining only small buffer stocks of 
components and sub-assemblies has 
also played an important part in 
ensuring that the maximum possible 
amount of the floor area is devoted to 
actual production processes. Finally, 
because of the very wide use of mech- 
anical handling equipment, the non- 
productive/productive labour ratio is 
very low. 


AERODYNAMIC STABILITY 


PAPER entitled “ Wind Effects on 

Car Stability,” by W. E. Lay and 
P. W. Lett, Jr., is published in an 
S.A.E. Preprint, March 3-5, 1953. In 
it, the effects of side winds and gusts 
on the stability of cars are examined, 
and the results obtained from road 
tests on a single car are discussed. 

At average vehicle speeds, side 
winds produce resultant winds that 
vary in angle considerably. For stable 
performance, the tendency of the car 
to yaw should be minimized whatever 
the magnitude or direction of the side 
wind. The thrust due to wind on the 
body of a moving car is transmitted 
through the body mounts, etc., to the 
frame and hence to wheels and iyres. 
A new 1947 automobile was obiaine | 
for the tests, and a supporting system, 
which is described in detail, was 
devised to permit separation of the 
body and chassis, the body being 


carried on support columns to elevate 
it 4 in above its normal position on the 
chassis. Safety bolts were fitted; they 
allowed body movements only to the 
limit required for the tests. Wind 
forces acting on the body subjected the 
columns to bending strains that were 
measured with strain gauges. Instru- 
ments were also installed for the 
measurement of the speed and direc- 
tion of the winds. Over 1,000 miles of 
road testing was carried out and the 
procedure adopted was aimed at 
isolating wind forces so far as possible. 
Test runs at various speeds were made 
in both directions over selected sections 
of road, and data were recorded photo- 
graphically. 

With the change from the head-on 
direction of the resultant wind, the 
side force on the car increased by an 
amount greater than the increase of 
cross-sectional area of the car normal 


to the wind. This effect was most 
marked when the resultant wind angles 
were within 10 deg of head-on. As 
wind direction shifted from head-on to 
the side-on direction, the centre of 
pressure of the resultant wind moved 
from a forward position towards the 
centre of gravity. Yawing tendency 
was most affected by small changes in 
resultant wind angle from a head-on 
direction. A gust at an angle to the 
path of travel of the vehicle caused a 
sudden lateral displacement, and 
required corrective action by the 
driver to regain the required course af 
travel. Aerodynamic stability depends 
primarily on: (1) to what degree lateral 
thrust forces from winds are equalized 
between front and rear wheels; (2) air 
resistance of the car to side winds. 
Fundamentally, body design is the key 
to the problem. (M.I.R.A. Abstract 
No. 6277.) 
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Notes on the Design and Production of David Brown Units 


British commercial vehicle 
industry has made considerable 
and successful efforts to establish 
markets throughout the world. During 
the past five or six years there has been 
something like a threefold rise in the 
volume of commercial vehicle exports; 
this is a great tribute to the quality of 
the vehicles. A considerable part in 
achieving these results has been played 
by specialized manufacturers of 
important units. 

For example, the extent to which 
proprietary gearboxes are used by 
British builders of commercial vehicies 
is perhaps not generally dppreciated. 
This system of using proprietary gear- 
boxes is widely used in the United 
States of America, where a large pro- 
portion of the gearbox units are 
supplied by three companies. Similarly, 
in this country, many of the leading 
manufacturers fit proprietary gearboxes 
manufactured by David Brown and 
Sons (Huddersfield) Ltd. These notes 
deal with the design of, and the pro- 
duction methods for, some current 
David Brown units. 

This system leaves all the problems 
peculiar to gear and gearbox produc- 
tion to the gear specialist. It is claimed, 
with some justification, that it results 
in better and cheaper gearboxes. This 
is due to the concentration of effort 
which the gear specialist can bring to 
bear on his work, since his whole 
energy and out- 
look are devoted 
to one aspect 
only, gears and 
gearboxes. Ii is, 
of course, neces- 
sary to maintain 
the closest liaison 
with the vehicle 
builder so that 
there is full know- 
ledge of all details 
that may in- 
fluence design. 

While a long 
list of customers 
is always gratify- 
ing, such a posi- 
tion is not without 
dangers for the 
gearbox manu- 
facturer. The 
more numerous 
the customers, the 


Gari the end of the war the 
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greater the probability for a wider 
range and variety of units, and unless 
care and foresight are exercised in 
deciding just how far to go in meeting 
all demands, the point may be reached 
where economical production is no 
longer possible because of the 
endeavour to produce a wide range of 
boxes in small quantities. Regular 
personal contact with the vehicle 
builder provides the best means of 
reaching a decision on this very 
important aspect of production. 


Design 

The illustrations and descriptions 
which follow cover three different sizes 
and types of David Brown commercial 
vehicle gearboxes. They are typical of 
the considerable range manufactured 
by this Company. All incorporate lay- 
shafts, the most popular type in use in 
this country. They are designated 557, 
542 and 437. The first figure in the 
designation denotes the number of 
speeds obtainable from the box, while 
the last two figures indicate the centre 
distance, which for model 557 is 
approximately 5-7 inches. 

Model 557 gearbox, shown in Figs. 1 
and 2, has five forward speeds and one 
reverse and is suitable for a maximum 
engine torque of 350 lb-ft. Complete 
with bell housing, it weighs approxi- 
mately 4701lb. The aluminium case is 
made in halves, and the upper half can 
be removed without any disturbance of 


David Brown model 557 gearbox 


Fig. 1. 


the internal mechanism. The propor- 
tions and dispositions of the ribs, 
together with the additional support 
provided by an _ intermediate wall 
carrying the centre bearings, combine 
to give exceptional stiffness and free- 
dom from resonance. 

All the gears are made from 3} per 
cent nickel chrome case-hardened, 
which has been shown by experience 
to be the most suitable for withstanding 
the severe loading imposed in service. 
A direct top drive is employed. This 
substantially increases the life of the 
gearbox in comparison with similar 
units incorporating an overdrive top 
gear. 

In this country it has been estab- 
lished that something like 75 per cent 
of the total running time is done in top 
gear, whether it be a direct drive or 
an overdrive gear. If a direct drive 
top gear is used, the torque is trans- 
mitted directly through the box with- 
out any of the gears being used, and 
it is considered that for service in this 
country this outweighs the advantages 
of an overdrive top gear. 

It is, however, acknowledged that an 
overdrive top gear can prove useful 
under certain conditions. For example, 
where there are long stretches of level 
road, it is advantageous to maintain the 
desired road speed with the engine 
revolutions as low as possible; this can 
be effected by the use of a gearbox with 
an overdrive top gear. There is the 

disadvantage that 

when a vehicle is 

operating in the 
overdrive ratio 

gears, even a 
small gradient will 
probably necessi- 
tate a change inte 
a lower gear. 

All the constant 
mesh gears, that 
is, the  layshaft 
driving gears and 
the  clutch-oper- 
ated third and 
fourth speed 
gears, of the 557 
box are of the 
single helical type. 
The first and 
second speed 
gears are of the 
straight spur type 
with sliding en- 
gagement. All the 
gears are accur- 
ately generated, 
shaved after 
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Fig. 2. Model 557 gearbox with top cover removed 


cutting, and lapped after hardening. 
To engage the reverse gear, it is 
necessary to lift the change speed lever 
over a stop; this prevents the possibility 
of accidental engagement. The gear 
ratios are:—first, 7-92:1; second, 4-68:1; 
third, 2-74:1; fourth, 1-565:1; fifth, 1:1, 
and reverse, 7-92:1. 

All shafts in the 557 gearbox are 
made of 34 per cent nickel chrome 
steel, case-hardened and ground on 
the journals. The mainshaft is sup- 
ported in two bearings and the layshaft 
on three. This arrangement allows the 
bearing spans to be kept as short as 
possible, and keeps the maximum 
number of gears close to the bearings. 
In a large degree, the quietness of the 
box in operation depends upon these 
desirable design features. 

The intermediate wall in the case 
supports a centre bearing for the lay- 
shaft and provides independent support 
for the final shaft. This arrangement 
eliminates the need for a spigot bearing 
and is a great improvement, since the 
spigot bearing was a far from ideal 
arrangement acting between shafts 
running at different speeds and, in 
reverse, providing a common bearing 
between contra-rotating shafts. 

The primary shaft is carried on a 
roller bearing and a location bearing is 
provided to take the axial load from 
the single helical gears. Three roller 
bearings support the layshaft, the two 
outer bearings having lips to locate the 
shaft axially. The front end of the 
mainshaft is carried on a roller bearing 
and on a deep groove ball bearing at 
the rear end. Roller bushes, each with 
two rows of large rollers, are fitted to 
each of the loose mainshaft gears. All 
bearings which are supported in the 
aluminium case are housed in steel 
liners. These effectively preclude any 
possibility of the outer races creeping. 
Oil filling, oil level and drain plugs of 
ample dimensions are positioned to 
give the greatest possible accessibility 


and the drain plug is fitted with a 
magnet to collect and retain any foreign 
matter of a ferrous nature. 

An auxiliary drive with a suitably 
proportioned facing is provided to 
take a high pressure pump for brake 
operation. This is positioned at the 
rear of the gearbox so that the brakes 
are energized whenever the vehicle is 
moving, even though in neutral. The 
ratio of the speedometer drive gears, 
which are housed in the rear end cover, 
is suitable for the latest type of electric 
speedometer, which gives accurate 
readings, a comparatively low cable 
speed and, as a result, maximum life 
of the speedometer cable. Both the 
speedometer and auxiliary drive gears 
are carried on ball bearings. 


Model 542 
This gearbox, see Fig. 3, has five 
forward speeds and one reverse and is 
suitable for a maximum engine torque 
of 2041b-ft. Its approximate weight 
complete with bell housing is 150 Ib. 
It has proved very successful in use in 
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conjunction with the Perkins P.6 
engine. Generally the design is similar 
to the model 557 previously described. 
The first and second speed gears and 
the reverse gear are sliding gears with 
straight spur teeth; the remaining 
gears are in constant mesh and have 
single helical teeth. All the shafts are 
mounted on ball and roller bearings, 
the case is in halves to facilitate servic- 
ing, and this also allows a centre 
bearing to be incorporated on both 
main and layshafts. Two S.A.E. 
standard facings are provided for 
power take-off units. 

The ratios are:—first, 8-14:1; second, 
4-73:1; third, 2-79:1; fourth, 1-6:1; fifth, 
1:1; reverse, 7-76:1. Alternative gear 
ratios can be supplied giving first, 
6-61:1; second, 3-56:1; third, 1-88:1; 
fourth, 1:1; fifth, 0-812:1 and reverse 
6-28:1. It will be seen that these ratios 
give overdrive conditions in the fifth 
gear that should only be used with 
light loads and easy running conditions. 

The 542 box is designed complete 
with forward control for unit or amid- 
ships mounting, and in these applica- 
tions the box is mounted horizontally 
to give maximum road clearance and 
minimum interference with the body 
space. An alternative design provides 
a special top cover arranged for centre 
control. 


Model 437 

This gearbox has four forward 
speeds and one reverse and is suitable 
for a maximum engine torque of 
124 lb-ft. Its approximate weight com- 
plete with bell housing is 120 lb and it 
has proved very successful in use in 
conjunction with the Perkins P.4 
engine. The ratios are:—first, 5-72:1; 
second, 3-17:1; third, 1-78:1; fourth, 
1:1, and reverse 6-86:1. 

The model 437 gearbox is suitable 
for either right-hand or left-hand 
control. It is shown in Fig. 4 with the 
change speed lever mounted in a 
central position, but remote control 
mechanism can be fitted if specially 
requested. A No. 3 S.A.E. bell housing 
is fitted as standard. The case is of 
cast iron, in one piece, with the selector 
lever housing acting as a top cover 


Fig. 3. Model 542 gearbox 
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removable as a unit for inspection 
purposes. All the gears are of 34 per 
cent nickel chrome case-hardened steel. 
A direct drive top gear is employed. 
The layshaft driving gears and the 
second and third speed gears are in 
constant mesh and have single helical 
teeth, whilst the first speed and reverse 
gears have straight spur gear teeth and 
slide into engagement. 

The primary shaft is carried on a 
ball location bearing designed to take 
both journal and thrust loads. A bear- 
ing of the same type is used to locate 
the mainshaft at the rear end. The 
forward end of the mainshaft is located 
on a roller spigot bearing, with the 
rollers running direct in the accurately 
ground bore of the primary shaft. Two 
double-purpose bearings, which deal 
with both journal and axial loads, 
support the layshaft. Fig. 5 shows a 
model 437 gearbox mounted in actual 
position in a chassis with a Perkins P.4 
engine. 


Future trend of design 


Whilst changes in styling of com- 
mercial vehicles do not occur as 
rapidly as in the case of automobile 
design, commercial vehicle develop- 
ment is taking place all the time and 
in line with this, constant efforts are in 
hand to improve and develop gear- 
boxes. Five speed boxes for medium 
and heavy vehicles are now very 
common. Moreover, the present trend 
is to eliminate all crash gears, making 
the gearbox fully constant mesh, by 
the employment of dog clutches, even 
to the extent of the reverse gear. David 
Brown and Sons (Huddersfield) Ltd. 
now have in production a fully constant 
mesh 557 gearbox. The prototypes 
have been extensively road tested and 
the decision to proceed with production 
of this model was based on the results 
obtained. 
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Fig. 4. David Brown model 437 gearbox arranged for central control 


Bad driving in the form of careless 
engagement of sliding or crash gears 
can set up very rapid deterioration of 
the teeth, as this form of gear is very 
susceptible to chipping at the ends of 
the teeth, with consequent rapid break- 
down of the case-hardened surface. 
Tempering the ends of the teeth is a 
partial solution to this problem, but the 
most satisfactory answer is the constant 
mesh type box. 


Present indications point to the 


increasing application of synchromesh 
boxes. 


It is of course said that these 


Fig. 5. Typical mounting of a 437 gearbox with a Perkins P.4 engine 


are too expensive; that they will be 
more liable to go wrong owing to the 
bigger number of more complicated 
working parts; and that they are simply 
a device to make gear-changing more 
simple for the bad drivers who will 
not or cannot change gear properly on 
crash boxes. 

Against this, whilst it is agreed that 
the first cost is heavier, development of 
synchromesh boxes for commercial 
vehicles has reached the stage where, 
providing the synchromesh mechanism 
is made sufficiently robust, reliability 
can be expected. A David Brown 
synchromesh gearbox examined 
recently had completed 128,800 miles 
without trouble or servicing of any 
kind and showed no sign of possible 
failure of the synchromesh mechanism, 
whilst the clutch teeth were in good 
condition and gave no indication of 
any chipping. The synchromesh 
mechanism prevents damage to the 
gears through bad gear changing—a 
very important consideration in view of 
the considerable number of crash box 
failures attributed to bad gear chang- 
ing. At the moment the demand for 
synchromesh gearboxes is much more 
pronounced among builders of the 
lighter type of commercial vehicle. 
Synchromesh gearboxes are already, 
of course, extensively used on the 
bigger omnibus chassis and there is 
also a trend in this direction on the 
lighter omnibus. 

Another possible future development 
on the larger type of vehicle is the use 
of multi-speed boxes giving from seven 
to ten speeds. This increase in the 
number of speeds can also be accom- 
plished by the use of an auxiliary 
two-speed gearbox in conjunction with 
a four or five-speed box, The two- 
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Fig. 6. David Brown gears after 128,000 miles service 


speed auxiliary box can be placed 
either in front of or behind the main 
gearbox. When placed in front, the 
auxiliary box is small owing to the 
smaller torques which are involved in 
comparison with one placed behind 
the main gearbox or in the axle. 

The David Brown  synchromesh 
gearbox referred to earlier was designed 
with an epicyclic two-speed portion in 
front of the main part of the gearbox, 
making the complete box a multi-speed 
unit. Fig. 6 illustrates two of the gears 
taken from the front epicyclic part of 
the box after 128,000 miles running. 
It shows the good condition and finish 
of the teeth even after this length of 
service. Multi-speed boxes are more 
widely used in the U.S.A. They are 
particularly advantageous on the long 
runs experienced in that country where 
a return journey may have to be made 
with the vehicle lightly loaded, a con- 
dition suiting the use of the over-drive 


Fig. 7. Machining gearbox joint faces on a Kendall and Gent 
vertical_mill 
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portion of the 
gearbox. 

At the 1952 
Commercial 
Vehicle Show at 
Earls Court no 
vehicles were 
shown fitted with 
automatic _trans- 
mission, and in 
spite of the exten- 
sive use of this 
type of gearbox in 
the U.S.A.,_par- 
ticularly on  pas- 
senger coaches, 
there are no signs 
of its use in the 
near future in this 
country on com- 
mercial vehicles. 
The huge sums 
necessary for the 
setting up of the 
necessary produc- 
tion plant (a sum 
of £2,000,000 has 
been mentioned), 
together with the 
increased fuel costs (due to the 
inherent characteristics of this form of 
transmission, particularly where a 
torque converter is involved) seem to 
preclude the immediate possibility of 
its development here, where low oper- 
ating costs, covering running replace- 
ments and servicing, are a primary 
consideration among purchasers of 
commercial vehicles. 


Manufacturing operations 

In general the machines are grouped 
for line production. The first opera- 
tion on the cases, which are generally 
in halves, is to machine the joints, and 
Fig. 7 shows a Kendall and Gent 
vertical mill executing this work. Fol- 
lowing this the cases are jig drilled on 
Asquith or Archdale drilling machines 
with location taken from __ faces 
machined during the previous opera- 
tion. The end faces of the case are 
next machined on a Sundstrand Duplex 
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miller as shown in Fig. 8. Boring of 
the cases is carried out on Richards 
and Kearns boring machines, in fixtures 
suitable for each type of case. All 
remaining drilling and tapping is done 
on single spindle Archdale or Asquith 
machines. Bell housings and clutch 
housings are machined on_ vertical 
turret lathes as shown in Fig. 9. The 
engine facing register diameter on 
these two items is initially roughed out, 
leaving 0-025 in for finishing to correct 
size after all other machining opera- 
tions are completed. This obviates the 
distortion which was found to arise 
when the register diameter was finished 
in one operation. Alternatively, in 
some instances, the register could be 
finish machined in position with the 
case. 

Gear blanks, which are supplied to 
the machines in the form of upset drop 
stampings and shafts, are first given a 
normalizing and annealing treatment 
as an insurance against distortion which 
may take place later during the case 
hardening process. The blanks are 
then turned on Herbert automatic 
chucking lathes and Lodge and Shipley 
Duomatic machines respectively. Fig. 
10 shows a No. 4 Herbert automatic 
chucking lathe tooled for turning a 
gear blank. It is very important that 
the boss faces on a gear blank are 
exactly at right angles with the outside 
diameter of the blank and parallel with 
each other, as these faces are often 
used as locating faces when cutting the 
teeth. To ensure this requirement an 
extra light finishing cut is taken on 
these faces on a Duomatic with the 
blank mounted on a mandrel between 
centres. 

Wherever possible the teeth in the 
gears are hobbed. Where the clearance 
on a gear will not permit run-out for 
a hob, the teeth are cut on gear shaping 
machines. A small allowance is left on 
the flanks of the teeth to enable shaving 
to follow the gear cutting operation. 
This allowance is of the nature of 
0-0025 in on each flank and should be 
just sufficient to enable the shaving 


Fig. 8. Milling the end faces of the casing on a Sundstrand 


Duplex machine 
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Fig. 9. Machining the bell housing on a 


vertical turret lathe 


cutter to clean up the surface left 
following the tooth cutting operation. 
Wherever possible all gears are shaved, 
thus removing the small errors left by 
the tooth cutting operation, resulting in 
quieter gears with longer life. This 
operation is regarded as most im- 
portant since, in addition to shaving the 
teeth, it is possible also to relieve them 
at the ends at the same time. The 
relieving effect, which amounts to 
removing approximately 0-0002 in from 
each flank at the ends of the teeth, 
obviates localized heavy contact which 
could be caused by distortion due to 
hardening or misalignment of case 
bores. Shaving eliminates the grinding 
of the flanks of the teeth after harden- 
ing, thereby reducing production costs, 
whilst in addition a shaved hardened 
gear is suitable for dealing with some- 
what heavier loads than a hardened 
gear ground on the flanks. 

Following case hardening and shot 
blasting, the gears are ground in the 
bore and it is very important that the 
bore runs true with the teeth. This is 
accomplished by mounting the gears in 
pitch line chucks. Alternatively the 
outside diameter of the gear should be 
ground true with the teeth, then the 
bore can be ground using the outside 
diameter as the location. 

Although every care is taken in mov- 
ing gears along the production lines, a 
proportion inevitably receives minor 
damage to the teeth. Special precau- 
tions are taken to see that these are 
removed before the gears are passed 
forward for assembly into gearboxes. 
All damaged gears have the flanks of 
the teeth stoned by hand. These gears 
are then tested with a master wheel 
on a Parkinson testing machine to 
check that all damage has been 
adjusted, and that the gears are correct 
for concentricity and backlash. 

Assembly of gearboxes is done in 
batches, and the necessary parts to 
cover the desired production pro- 
gramme are laid out by the stores 
personnel in convenient positions. 
Assembly of the gearboxes in the 
biggest demand is broken down into 


eight separate sub-assemblies, which 
experience has shown to be the 
cheapest method of production. 

Each box is then given a light load 
running test, operating in each speed 
for a set period, thereby checking that 
the change speed mechanism is func- 
tioning correctly and that the noise 
produced is within the acceptable 
limits. Any previous undetected eccen- 
tricities in the mounting of the gears 
and shafts in the casing, or damage to 
the teeth will soon become apparent 
during this running test. Discovery at 
this late stage is obviously an expensive 
matter, as it may necessitate complete 
dismantling of the gearbox. 

The machines are grouped so that 
inspection takes place at fixed points, 
whilst in-addition a patrol inspection 
is employed on each section. These 
patrolling inspectors select at random 
any part in production on the section 
and make an immediate check of the 
particular operation in question. All 
drawings state that the first item or 
operation completed on any batch 
should be inspected and passed before 
proceeding with the bulk quantity. The 
vital importance of this precaution is 
obvious. Furthermore, the inspector 
forms a very important link in the 
premium bonus system on which all 


machine and _ assembly personnel 
operate, as it is only against the 
inspector’s signature indicating the 


number of correct pieces that bonus 
payments are made. 

Inspection of material received at the 
inwards receiving department is 
another important function of the 
inspection department and it is very 
necessary that such items as case cast- 
ings, which are purchased from outside 
suppliers, should be correct before 
passing through the machine shop, as 
any casting errors not revealed until 
machining is actually taking place can 
prove very costly. 

On completion of inspection all 
finished items are sent to the stores 


ready for issuing to the assembly 
department in the required batch 
quantities. 


Fig. 10. Tooling for machining a gear blank on a Herbert 
automatic chucking lathe 


All wearing parts in a gearbox neces- 
sitate the supply of spares and the 
production schedule should allow for 
this. Past experience is a very good 
guide to the production control depart- 
ment as to quantities and items likely 
to be required in this respect. 

In order to maintain both quantity 
and quality production it is very 
important that periodic inspection 
checks are made on each machine to 
ensure its accuracy is being main- 
tained whilst, in addition, all jigs, tools 
and gauges should also be the subject 
of regular inspection checks. The use 
of each machine is recorded weekly to 
enable the supervisor to assess his 
surplus capacity and these figures, 
together with the previously mentioned 
inspection reports, present essential 
information when a decision has to be 
taken regarding the replacement of 
machines. 


Service 


There are several major troubles 
which may arise under working condi- 


* tions unless precautions are taken by 


the user to see that the gearbox is 


functioning under proper working 
conditions. 
1. Oil leakage. ‘This is often caused 


by overfilling the gearbox and it is 
very necessary to adhere to the oil 
level marking on the dipstick. In 
some cases the filler plug is placed on 
the side of the case and the box 
should be filled up to the level of 
the filling aperture and topped up to 
this level at each examination. After 
the initial filling the box should be 
drained and refilled with fresh oil 
after the first 1,000 miles. The oil 
should then be topped up every 
1,000 miles and periodically changed 
every 20,000 miles. A magnetic oil 
filter is fitted to the oil drain plug 
and this should be washed in paraffin 
before replacing after each oil 
change. Care should be taken, when 
covers and companion flanges are 
removed and re-assembled, not to 
damage oil seals as the smaliest cut 


is 


or bruise on a seal can cause oil 
leakage. 


N 


. Jumping out of mesh of gears. It 
is very essential that the engine and 
bell housing facings and registers are 
assembled square and _ concentric 
with the crankshaft. This is an 
important factor in preventing gears 
from coming out of mesh in service. 
One has heard of engine facings up 
to 0-030 in out of square. Excessive 
shaft deflection under maximum load 
conditjons is also a cause of jumping 
out of mesh, and to reduce this shaft 
deflection to a minimum, boxes with 
centre bearings on both the main- 
shaft and layshaft were introduced. 


Noise. The volume of noise in com- 
mercial goods-carrying vehicle gear- 
boxes is not generally considered so 
vitally important as in the case of 
automobiles but in passenger coaches 
and buses it must be kept to a mini- 
mum. Gearboxes are often wrongly 
accused of being noisy, when the real 
trouble is external and in some cases 
may be traced to critical engine 
speeds. The errors in alignment and 


[XN a paper entitled “ Overhead Valve 

Gear Problems” by R. P. Horan, in 
an S.A.E. Preprint, March 3-5, 1953, 
the author studies valve dynamics by 
considering the valve train as a vibra- 
tory system with a single degree of 
freedom as shown in a figure, which 
also gives the lift and acceleration 
curves of a typical cam. Vibratory 
conditions occurring as the valve closes 
are examined by an analysis of the 
shape of the appropriate portion of the 
acceleration curve. Critical cam speed 
is found to depend upon the length of 
the acceleration cycle and the natural 
vibratory frequency of the valve gear. 
To keep the vibration frequency high, 
the stiffness-mass ratio of the valve 
gear must be large. Increases in the 
spring load with the valve closed and 
the use of spring dampers of various 
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concentricity mentioned previously 
under the last heading can also be 
the cause of excessive noise in 
service. 

. Chipping of gear teeth. Some drivers 
experience difficulty in making a 
clean gear change on crash gear- 
boxes, especially those with sliding 
gears. Constant crashing of the ends 
of the gear teeth is bound to bring 
serious after-effects, as the particles 
of metal dislodged from the teeth are 
likely to cause further damage to the 
remaining gears and bearings even 
though a magnetic filter is fitted, as 
this will only collect a proportion of 
the metal particles. The entry ends 
of both the sliding and fixed gears 
are damaged with bad gear changing 
and if serious chipping occurs the 
length of gear contact is reduced to 
a point. where failure will occur. Dog 
engaged gears giving constant mesh 
of the gear teeth are far superior to 
sliding gears, as damage due to crash 
engagement does not affect the teeth. 
Also, because of the slower peri- 
pheral speed of the dogs compared 
with the peripheral speed of the 
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teeth, the dogs are not likely to be 
damaged to the same extent as the 
ends of the gear teeth, if sliding 
gears were used. 


5. Other possible gear tooth failures. 
When gearboxes commence their 
working life the surfaces of the gear 
teeth contain high spots which are 
smoothed down in service by the 
local breakdown of the oil film. This 
is due to the high local working 
pressures which arise at these points, 
and under normal conditions further 
abnormal wear does not arise. The 
use of an excessively light oil could, 
however, be the cause of further 
rapid wear, and this may so reduce 
the thickness of the teeth that further 
use is impossible. Breakdown of the 
oil film may also induce localized 
welding of gear teeth, causing metal 
to be lifted from the flanks of the 
teeth. A heavier oil should be tried 
under these’ circumstances. A 
straightforward fracture of a gear 
tooth often indicates the sudden 
application of an excessive load, such 
as allowing the clutch to engage 
with a jerk. 


OVERHEAD VALVE GEAR 


types permit satisfactory engine opera- 
tion at higher speeds. The spring 
load, however, cannot be increased 
indiscriminately because of tappet face 
wear considerations. 

A good valve gear design, in addition 
to giving the desired dynamic charac- 
teristics, must obtain as high a valve 
lift as possible with a minimum 
restriction on flow. <A_ review of 
methods of achieving these conditions 
is given, together with a discussion on 
the question of valve overlap. The 
advantage, under certain conditions, of 
using individual exhaust manifold 
branches for adjacent cylinders is also 
explained. From a chart based on a 
considerable amount of engine data, it 
is possible to determine whether the 
performance of an engine accords with 
that to be expected from the induction 


and exhaust port diameters. 

Variables influencing tappet face 
failures are: face stresses, alignment, 
material combinations, finish and 
manufacturing techniques, surface 
coatings and lubricants. A_ figure 
shows a considerable stress range for 
both overhead valve and L-head 
engines in comparison with a test 
fixture in which all other variables 
were carefully controlled. For over- 
coming the problem of tappet align- 
ment, a “hyperbolic” tappet having 
the side contoured to permit the tappet 
face to accommodate itself to any mis- 
alignment given encouraging 
laboratory results. Among material 
combinations, a chilled cast iron tappet 
face run against a steel camshaft gives 
the best results. 

(M.I1.R.A. Abstract No. 6278.) 


N the June 1953 issue of The 

Engineers’ Digest, a new type of 
joint washer, termed the “ Flow-in” 
joint washer, is described. It has 
recently been introduced as a replace- 
ment for conventional pre-cut cork or 
rubber washers, and is said to provide 
an improved seal at lower labour and 
material cost. It is applied as a liquid 
synthetic rubber or resin compound 
forced through a nozzle on to a 
spinning component part and then 
baked to form an elastic washer that 
will not fall off. The washer can be 
applied either automatically or semi- 
automatically, depending upon the 


NEW JOINT WASHER 


lining equipment used, and in varying 
types, thicknesses and diameters, The 
manufacturers claim that the chief 
advantages over conventional pre-cut 
washers are lower material costs and 
faster application since the washer does 
not have to be crimped, stamped or 
glued to hold it in place. 

On the automatic lining machines, 
with which washers can be applied at 
a rate of as much as 300 per minute, 
depending upon their size, the com- 
ponents are belt or gravity fed to the 
machine. They are then passed one at 
a time to the chuck and are rotated 
under an adjustable nozzle that squirts 


a measured amount of compound into 
a groove on the joint face. The lined 
component is then moved off on a con- 
veyor belt to an oven where it is baked. 
The machine can handle components 
from 34 in to 12 in diameter. If a belt- 
feed is used, high speed equipment is 
employed and no operator is required, 
but when a semi-automatic machine is 
used the component is placed in the 
chuck by hand. An advantage of the 
new method appears to be that specially 
formulated compounds may be used to 
give effective seals against moisture, 
oils, petrol, vacuum, vibration, etc., as 
the case may be. (2049) 
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BALL AND ROLLER 


BEARINGS 


are the complete answer 


For every component from = gear 
box to universal joint, accuracy is 
very essential. Smooth running and 
reliable performance are also en- 


depicting Automobile Applications 
he ‘tladly request. sured by the use of Hoffmann products 


THE HOFFMANN MANUFACTURING CO. LTD., CHELMSFORD, ESSEX 
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At PBM again a new factory extension enables us to 
increase output. PBM castings are supreme in quality 
and efficiency. Now, machining of quality—for which 
PBM is renowned—is again available. 

We invite you to inspect our new facilities for increased casting, 
machining and assembly to customers specifications. We shall 
be glad to learn of your intention to call—telephone Great 
Barr 1794 and fix an appointment to see our works. 


‘OSCOTT WORKS GREAT BARR - BIRMINGHAM: 22A 


ts 
ace-hardening shaf 


the “machine tool” approach 


Induction-hardened shafts are straight, 
free from scale and tough-cored. The 
hardened area is just where you want 
it and as deep as you need — and the 
work flows at the rate of hundreds of 
pieces per hour. 


surf 


BIRLEC machines for induction surface-hardening 
handle long, short, plain, splined, notched — in 
fact, almost any kind of shaft. Uniform repetition 
hardening is assured by automatic controls and the 
compact unit fits right in the machine-line. 


Send for Publication No. 78. 
h: hardened areas. 


INDUCTION 


BIRLEC LIMITED 
HEATING 


ERDINGTON+- BIRMINGHAM 24 DIVISION 
Sales and service offices in LONDON, SHEFFIELD and GLASGOW 
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Procisely correct for your purpose... 


To make sure that Bury Felts will stand up to hard work and 
particular stress, samples of all these famous felts are 
rigorously and scientifically tested before leaving the factory. 
Each selected sample is stretched to test its behaviour 

under strain, and its conformity with the predetermined 
breaking point. This means that whatever use you make of 
Bury industrial Felts you can be sure they will give you the most 
reliable service. They can be die-cut, chiselled, punched, 
machined, and even ground. Put Bury Felts to work in filters, 
seals, washers, gaskets, buffing rollers, shock-absorbing 
mountings and cushionings—or in any one of the hundreds of 


different ways these versatile materials can be used. 


Send your enquiries to: 

BURY FELT MANUFACTURING COMPANY LIMITED 
HUDCAR MILLS, BURY, LANCS. Phone: BURY 2262 (6 lines) 

or to the London Office: 3 Snow Hill, E.C.1 Telephone CENTRAL 4448 
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Insulation? Protection? Silencing? Sealing? 


Simple or complex, Redfern’s will help to solve it. We have the 
experience, capacity and resources for economical bulk produc- 
tion of moulded components and extruded sections in natural 
and synthetic rubbers, and ebonite. Plan with all the knowledge 
of our technical staff at your elbow — we are always pleased to 
advise on the use of these versatile materials, and translate de- 
signers’ ideas into terms of efficient production. Send us your 
enquiries—we will do the rest! 

Literature is available describing our service — MOULDINGS ... 
EXTRUDINGS . . . anti-corrosive LININGS & COVERINGS .. . FLOW 
FITTINGS (piping, cocks, tees, etc.,) . . . chemical-resisting 
UTENSILS . . . FABRICATED PARTS to specification. 

A request to add your name to our mailing list will keep you 
up-to-date with publications dealing with any of these items. 


RUBBER & EBONITE 


WILL HELP YOU SOLVE IT! 


MOULDINGS — EXTRUDINGS — FABRICATED PARTS AND UTENSILS REDFERN'S RUBBER WORKS LTD - HYDE : CHESHIRE 


Ask for full 
details at your 
nearest 


ARGONARC B.0.C Branch 
AUTOMATIC SPOT WELDING 


achieves full fusion with application Lap joint spot welded from above 
to only one side of work, joins thin 
to thick sections, and requires no 
skill, no goggles, no screens. Fast Sheet spot welded to box section 

flux-free welding on stainless steels 

and bright mild steel. A weld can be Stainless steel sheet spot welded to mild 
made wherever the compact torch steel T-section stiffener 

can be positioned. The apparatus is 

transportable. § Cylindrical section tack welded externally 


0 THE BRITISH OXYGEN COLTD 


LONDON & BRANCHES 


Outline of spot in 20 g. stainless steel 
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‘‘Newallastic’’ bolts and studs have qualities which are absolutely unique. 
They have been tested by every known device, and have been proved to 
be stronger and more resistant to fatigue than bolts or studs made by 


the usual method. 
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INDUSTRIAL 


FURNACES 


Funditor Etectric Furnaces are used for the efficient 
melting of any metal up to a temperature of 600°C. 


Heavy-duty elements around the crucible give uniform 
heat distribution. Correct heating, within fine toler- 
ances, assured by Automatic Temperature Control. 


OVENS 


Funditor Electric Ovens assure maximum thermal 
efficiency, and Automatic Temperature Control, for all 
heat processing up to a temperature of 450°C. 

Forced air circulation can reduce certain process times 
by 50%, or natural circulation may be employed. 


Ovens designed to permit wide variation of the stan- 


Efficiency combined with complete safety results in 
' maintenance of accurate mel- dard range to suit individual 
ting points and subsequently temperature and capacity 

perfect casting. requirements. 


Send for 


Jechnical 
Literature 


Funditor Ltd 


3, WOODBRIDGE STREET, LONDON, E.C.1 
CLErkenwell 6155/7 


RE-METALLING - BABBITTING + SOLDERING CURING - DRYING 
TINNING DIPPING ETC. BAKING - PRE-HEATING 


WHEELABRATOR 


Registered Trade Mark. 


TUMBLASTS 


in production on the 
VANGUAROGE 


This battery of WTB2A Tumblast Machines 
is installed in the Coventry Factory of the 
Standard Motor Co. Ltd. for cleaning 
miscellaneous castings, forgings, etc., prior 
to machining. 


TILGHMAN’S PATENT SAND BLAST C° Lt® 


BROADHEATH - NR. MANCHESTER - ENGLAND 
LONDON OFFICE: 
BRETTENHAM HOUSE ~- LANCASTER PLACE ~- STRAND, W.C.2 


AGENTS : 
MIDLANDS : SCOTLAND : 
R. J. Richardson & Sons, Led. Balbardie Led. 
Commercial Street, 110, Hanover Street, 
BIRMINGHAM, 1. EDINBURGH. 
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NAL alloys 


Above are typical lorry body assemblies using ‘Kynal’ aluminium alloy extrusions. 


Strength, lightness, durability, cleanliness, low The Technical Service and Development Depart- Ree 
maintenance costs — all these advantages can be ments of I.C.I. Metals Division will be pleased " 
derived from the use of ‘Kynal’ aluminium alloys to advise on all problems relating to the 

in road transport construction. application of I.C.I. aluminium alloys. Icl 


IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.! 


M.27% 
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DARWINS 


SHEFFIELD - ENGLAND 


Our long association with the use and prod - 
uction of permanent magnets enables us to 
offer not only an advisory service of the 
most complete character, but the benefits of 
production technique and facilities based on 
wide knowledge and intensive research. 
Hlustration shows the latest ignition half cycle 
magnetising equipment being used. 


DARWINS LTD. 


TOOL STEELS - HACKSAW BLADES - PERMANENT 
MAGNETS - HEAT & ACID RESISTING CASTINGS 


ANDREWS TOLEDO LTD. 


CARBON & ALLOY CONSTRUCTIONAL STEELS 


WARDSEND STEEL CO. LTD. 


AGRICULTURAL & TOOL STEEL SHEETS 


ANDREWS TOLEDO (wire nov) LTD. 


SPECIAL CARBON & ALLOY WIRE ROD 


In 6 grades from soft to rock hard, and 4 qualities from 
medium grey to superfine, high-quality white, our range of 
polishing bobs includes the ideal wheel for every class of 
work. Send today for our free illustrated brochure. 


Please send al! enquiries to— a 


Head Office & Works: COOPER & CO., (Birmingham) LTD., Brynmawr, Breconshire. 


Telephone: Brynmawr 312. Telegrams: Felting Brynmawr. 


Registered Office & Works: Little King Street, Birmingham, 19. 
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PROPELLER SHAFTS 
AND UNIVERSAL JOINTS 


HARDY SPICER LIMITED. (A Birfield Company), WITTON, BIRMINGHAM, 6 
HARDY SPICER (AUSTRALIA) PTY. LIMITED, SOMERS STREET, BURWOOD, E.13, VICTORIA, AUSTRALIA 
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STEELS ENGINEERING PRODUCTS LIMITED 
your propeller yaree® numbers an the - 
4 
system provides separate motors for each crane operation and i 
mission of rorque from prime mover to generate’ and ¢rom 
each motor to its appropriare reauction gear: 
we puild cranes 1 ton capacity up 20 tons = 
gnafts in each» from 2 up as many as 9 propelle® shafts 
~ an one cranes 
{ pardy spicet needle pearing properle® snafts with 
aniver yoints are yery guitadle to ovr pur pos? and give 
Y 3 general to the many thousands of co1es erene 
users qn more than 100 countries the worlds A 
you are at yiperty to use this an any way you cnoose®* 
| 


op WALSALL 210831 
"ABCO. WALSA 


precision parts 
UP TO 1% INCH DIAMETER 
MACHINED ON WICKMAN MULTI- 


We work for many Industries and have a 


reputation for the quality of our work. 


Why not let us quote from your drawings 
or samples? We can work in all metals. 


SOUTH END * CROYDON : SURREY. Tel: CROydon 3158/9. 


98 AUTOMOBILE ENGINEER, August 1953 


3 
/ 
; 
| 
fe | 
: 


LIGHTER... STRONGER... NEVER-RUSTING 


The radiator grille of the Rover 75 is in anodised 
Birmabright BB2 and is made by J. Fray Ltd. 
The doors, bonnet and trunk lid are made in 


Department will gladly advise you in the use 
Registered Trade Mark 


of aluminium for your particular needs. 
The Pioneer Aluminium-Ma gnesium Alloy 


BIRMABRIGHT LIMITED BIRMINGHAM 32 BIRMETALS LIMITED 
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Tested ana recommended by the 
~Ministry of Supply (MVT Branch) 
Ref. No. VG.6/300/FIR for export 
to tropical countries. 


OSOTITE — the modern 
scientific sealing which has 
been proved by rigorous tests 
to be the perfect jointing for 
smooth surface and screw 
unions. OSOTITE is a simply 
applied, liquid compound, im- 
pervious to heat, petrol, oil, 
grease, water and steam which 


ensures in a few minutes a 
A STICK HIGH PRESSURE GAS, AIR or WATER-TIGHT JOINT. 


——Fnl ODUCT Write for full details and prices to : 


component of mild steel was 
produced in 22 seconds on the Peter- 
mann P.4, illustrated, and is but one 

¢ example of the many components for 
which Petermann Automatic Precision 
Lathes are ideal. 


r.p.m. | = 4 
@ Capacity up to 5/32” dia. 1.57’ ; 4 

long. 


@ Six tools in independent holders. 


@ Headstock controlled by cams 
and adjustable followers. 


@ Screw head slotting attachment 
can be used. 


@ Other Petermann models avail- 
able. 


CHARLES 


CHURCHILL 


CO.LTD 


COVENTRY ROAD SOUTH YARDLEY BIRMINGHAM, 25 
ALSO AT LONDON, MANCHESTER, GLASGOW AND NEWCASTLE-ON-TYNE 
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should fit 
the M.M.D. 


Clevis ... 


A POSITIVE GEAR CHANGE LINKAGE 


Positive linkage allows a more positive gear change 


and the M.M.D. Spring Loaded Clevis Joint 


is the perfect solution to the problem of 


“sloppy ’’ remote control gear change assemblies. 


Wear, slack and rattle on all mechanically 


operated linkages, can be eliminated 


throughout the life of the car, with the aid of 


this rationalized clevis design. Available 


to suit all requirements of the Motor Industry, 


Photograph by courtesy 
The Standard Motor Co., Ltd. 


MIDLAND MECHANICAL DEVELOPMENTS LTD. 


PARKER STREET WORKS - PARKER STREET + BIRMINGHAM 16 
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Tue cost spiral has not left the machine 
shop unscathed, so as machine replace- 
ment proceeds, manufacturers dig deep into 


their capital reserves, 


To produce more now and to keep on doing 

this in the future is the function of correct, 

knowledgeable lubrication. It is the only sound 

approach to machine shop maintenance and is unquestion- 
ably the province of the expert. All our efforts are concentrated 


on this field and by calling in a Fletcher Miller technical representative 


you will receive the benefit of specialisation as applied to your lubricant needs. 


keeping down maintenance costs 


FLETCHER MILLER LIMITED 


ETA GENA.| MILLS, HYDE, CHESHIRE 


THE MACHiNG 
SYSTEMS TOOL LUBRICANT 


AL M ARI INE Branch Works at London, West Bromwich and Glasgow 


FM96/MTL19 


Unru , comparatively recent times, Man regarded the Astro- 


nomical Telescope as the essential instrument for examining 


the Universe. 


Today, however, it is dawning upon humanity that the 
infinitely small is an integral ingredient of the structure of 
the Whole. For it is recognised that the atoms of which the 
molecules are composed—although so small as to be invisible 
to the human eye—are virtual miniatures of the immense 


Universe. 


So also, the World of Industry is increasingly realising that it 
is only by meticulous attention to small details that big success 


is achieved. 


PRESS & DROP FORGINGS 
vv 


WL souty WALES FORGEMASTERS LTD 
GARTH WORKS TAFFS WELL CARDIFF 


TAFFS WELL Prone: TAPE WHA 41/2 
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LINKS WORLD-WIDE SERVICE 


HOME SUBSIDIARY COMPANIES. 

GEORGE COOPER & SONS. 

Nuts, Bolts, Washers and Fastenings. 

DARLINGTON RAILWAY PLANT & FOUNDRY CO. LTD. 
Switches and Crossings, Railway Accessories. 
DICK’S ASBESTOS and INSULATING CO. LTD. 
Asbestos Packings, Jointings and Insulation 
KETTON PORTLAND CEMENT CO. LTD. 

Portland Cement and Ketton Freestone. 

LOWMOOR BEST YORKSHIRE IRON LTD. 

Wrought Iron Bars and Sections. Plates and Sheets 
MIDLAND IRON CO. LTD. 

Wrought Iron and Stee! Bars ana Sections, Hoops 
and Strips 

NORTH LONSDALE TAR MACADAM LTD. 

Road Construction Engineers and Contractors. 
SHAP GRANITE CO. LTD. 

Architectural and Engineering Granite. Precast 
Concrete Products 

SILENT MACHINE & ENGINEERING CO. 

Food Preparing Machinery 

JOHN SMITH (KEIGHLEY) LTD. 

Overhead and Derrick Cranes. Stone Working 
Machinery 

THOMAS SMITH & SONS (RODLEY) LTD. 

Steam, Electric and Diesel Cranes, Universal 
Excavators. 

WIDNES FOUNDRY & ENGINEFRING CO. LTD. 
Castings and Constructional Steelwork for the 
Chemical, Oil, Food and allied industries. 

JOHN WILLIAMS (WISHAW) LTD. 

Steel Plates and Sheets. Wire and Wire Products 
WOODHOUSE & MITCHELL. 

Machine Tools. 


OVERSEAS SUBSIDIARY COMPANIES. 
THOS. W. WARD (BELGIUM) S.A. 

&, Longue Rue des Claires, Antwerp 

THOS. W. WARD (INDIA) LTD. 

Marshails Buildings, Ballard Road. Bombay 
and 22, Brabourne Road, Calcutta. 

THOS. W. WARD (SCANDINAVIA) A/B. 

Birger Jarisgaten, 131A, Stockholm 
$.£.0.1.M. 

44, Ave de ia Grande Armee, PARIS XVIIE 
THOS. W. WARD (AUSTRALIA) PTY LTD. 

243, Castlereagh Street, Sydney, N.S.W 
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The business founded by Thos. W. Ward in 1878 has grown trom the 
smallest of small beginnings into a major commercial organisation 
with links throughout the entire industrial world. 

Closely integrated with engineering and the heavier industries, the 
Ward Group of Companies produces many raw materials, manufactures 
a wide range of plant and machinery and provides at home, within 
the Commonwealth and throughout the world an infinite variety of 
general engineering products and services. 

Link by link the chain has grown—purposefully, for service to 
industry—strengthened and annealed by 75 years’ progressive 


experience. 


THOS.W. WARD 


ALBION WORKS - SHEFFIELD 


and 
LONDON, GLASGOW, MANCHESTER, BIRMINGHAM, 
LIVERPOOL, BRISTOL, GRAYS, WISHAW, PRESTON, 
BARROW, BRITON FERRY, MIDDLESBROUGH, MILFORD 
HAVEN and INVERKEITHING. 


GP/33 
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at all stages of manufac- 
ture ensures a trouble 
free product. ... the 
reason why most manu- 
facturers use High Tensile 
Cylinder Head, Gear Box 
and other Studs made 
by 


YARWOOD INGRAM 
PARKER ST. BIRMINCHAN, 16. 


TELEPHONE: EDC beston,3607. 


IS SIMPLE AND SURE 


Even when too fine to be detected by any normal 
inspection method, surface cracks can be discovered 
immediately with Metrovick magnetic crack detection 
equipment. Developed primarily for practical tests 
on components produced in the company’s own 
factories, ranging from large forgings to small 
pinions, this Metrovick equipment is very simple in 
operation. Use is made of a special magnetic fluid 
which, after passage of the magnetising current, 
enables all cracks to be seen with the naked eye. 
Most requirements in industry can be met from the 
standard range of Metrovick crack detectors. 
Special equipment can, however, be made to order. 


The Metroflux Type “S” universal magnetic crack detector ts ‘ 
qn extvomely It te great for testing Please write for full technical details. 
components of large size or awkward shape, and for routine 

testing of mass-produced components. 


Member of the A.E.I. group of companies 


)3=Magnetic Crack Detectors 


METROPOLITAN-VICKERS ELECTRICAL COMPANY LIMITED, TRAFFORD PARK, MANCHESTER, 17 & 


N/C201 
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SPRAYLOCICS-the Facts of Spray Painting y 


Which would you use 
finish your product? 


FIND THE 
ANSWER HERE 


(No. 2 of a series) 


“Spray-Gun 
Selection Guide”’ 


Gives you in handy illustrated form, the right choice 


of gun, and of nozzle and air cap, for every kind of 
finishing work. Never before has this information 


Get this now-its FREE 


Gs 
v 


been available in such a compact guide. It will pay 


you to have a free copy — write now to Dept. 6R. 


No. 3 COMING SHORTLY | 
“Spray-Gun Motion Study ’’ DE Vi ~ 


THE SYMBOL ((|E OF SERVICE 


The Aerograph Co. Ltd., Lower Sydenham, London, S.E.26 Telephone: Sydenham 6060 (8 lines) 
Branches and Showrooms: LONDON . BIRMINGHAM - BRISTOL . GLASGOW - MANCHESTER 


T.A. 5408 
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IN STANDAR 
YOUR OWN SPECIFIC 


elp you select a tyPe 


ill h 
table to your 


i 
and size of chuck most su 
own needs. 


Write for your COPY today. 


BLACKRIDING ELECTRICAL WORKS, WERNETH, OLDHAM. PHONE: MAI 1651. 


| 
Light weight and high 
| reflectivity are the main 
‘the heats characteristics which 


encourage the use of 
aluminium alloy castings 
in this Infra-red 
Tunnel built by Ray-Heet 
Infra-Red Ltd. 
The use of a light yet 
robust body allows for 
the minimum supporting 
structure and the high 
reflectivity re-directs 
stray radiation back into 
William Mills Ltd. bakes the paint on the 
Specialists for over 50 years in the Fordson Major 
ALUMINIUM ALLOY CASTINGS Tractor in 16 minutes. 


WILLIAM MILLS LTD. FRIAR PARK FOUNDRY, FRIAR PARK ROAD, WEDNESBURY, STAFFS. 
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NOW WE'RE GETTING 


No more cussing from young George. 


you buy it in straight lengths, or in manipulated 


components. Rigorous testing at every stage of 
manufacture ensures absolute uniformity in 


No complaints from the chargehand. And no 
indignant ’phone calls from the Works Super, 
either! Getting Tru-Wel E.R.W. tubes has 
helped a lot. It’s a tube you can trust, whether 


strength, lightness, concentricity and composi- 
tion from the first Tru-Wel tube to the last. 


Tru-Wel Electrically Resistance 
Welded Steel Tubes 
Supplied in straight lengths 
from 4” od to 4)” o/d in 
gauges 22 to 6, or manipula- 
ted to your special require- 
ments. Also available in a 

range of standard sections. 


Tru-Wel Stainless Steel Tubes 


In straight lengths from }’ 
o/d to 2” od in gauges 20 to 
12 or manipulated to measure, 
are made from most Austeni- 
tic Nickel Chrome Steels, and 
some Ferritic Nickel-free 
Steels. 


TUBE PRODUCTS LIMITED, OLDBURY, BIRMINGHAM 
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We can solve your 
Soldering and 
Brazing problems| 4 


The photograph shows one equip 
from our range. Send us your problems 


backed by the services of an Applica- 
tions Laboratory, at your disposal. 


“STANELCO” ELECTRO-GAS EQUIPMENT is low in 
capital cost and economical to run. The machine operates 
from the normal mains gas supply and factory air-line. A 
range of burners, to provide any heat pattern with a flame 
temperature up to 1,500°C. can be fitted. Push button 
action. Timed heating period. Accurate control. Suitable 
for unskilled operators. Quickly reset for change in jobs. 
Suitable for Soldering, Brazing, Hardening, Annealing. 


TYPICAL APPLICATIONS 


Soft Soldering: Fuses, cans, cigarette lighters, 
hypodermic needles. 


Silver Soldering : Feed pipe fittings, kettle elements, 
tricycles, radiators, turbine blades, tubular furniture, 
household water fittings. 


Brass Brazing : Engine fittings, bicycles. 
Copper Brazing : Tungsten carbide tool tips. 
Annealing : Copper pipes prior to bending. 
Normalising : Chain links, steering columns. 
Hardening : Saw teeth and bearings. 


We also stock High Frequency Induction and Dielectric 
Generators : Resistance Soldering Machines and Handtools ; 
Electric Soldering Irons ; Solder. 

stAN 


Enquiries to 


Standard Telephones and Cables Limited 


(HEAT TREATMENT GROUP) 
INDUSTRIAL SUPPLIES DIVISION 
FOOTSCRAY . SIDCUP . KENT 
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so that we may put our experience, 


AMAL LTD - 


HOLDFORD ROAD - WITTON - BIRMINGHAM 6 


jl) Geo. TUCKER EYELET Co. Ltd. 


one Walsall Road BIRMINGHAM 22. 


Consultants and Tool Manufacturers: AIRCRAFT MATERIALS LTD., 
Midland Road, London, N.W.1 
RIVETING 


THE MODERN SYSTEM OF 
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< riveting operation and aplicacions 
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proviems riveting where 
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DEAD LENGTH COLLET 
%* The use of the dead-length type of collet assures maximum 
accuracy in machining. [Essential for second operation 


FLANGED SPINDLE NOSE 

This type of spindle nose facilitates the mounting of chucks 
and avoids the danger of their unscrewing when the spindle 
stops or is run in reverse. 


Massive proportions of cross slide and saddle permit of 
heavy cuts free from chatter. 


Large Cross Slide control wheels, widely spaced, provide 
maximum covenience in operation. 


Generous length of traverse of saddle along bed opens wide 
field of application. 


Stop bars for both sliding and surfacing motions are of the 
slotted indexing type usually found only on the largest 
turret lathes. Uniformity of size in both directions is thus 
easily maintained. 


Unusually powerful spindle mounted on large Hyper 
Precision pre-loaded bearings enables wide form cuts to be 
taken without chatter. 


** Acclaimed in both 
Hemispheres" 


MURAD DEVELOPMENTS LIMITED STOCKLAKE AYLESBURY BUCKS @ PHONE: AYLESBURY 790 (4 LINES) CABLES: MURADITE, AYLESBURY 
P3134 
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How grit kept out 
Rover export engines 


pre 


When cars travel all over the world in a completely 
knocked down condition, grit is likely to get into the engines. 
The Rover Company Limited comes up against this problem 
every day. They beat it by sealing export engines with 
Permacel Cloth Tape. 


There are Permacel Cloth or Crepe Paper Masking 
Tapes for every job which requires masking before paint- 
ing, or protecting during transit. Permacel Tapes stick 
instantly and firmly to any surface, They adhere to the 
smoothest surfaces and follow the most irregular contours. 
And they always come away easily and cleanly. 

Permacel Crepe Paper Masking Tapes are ‘Double 
Bonded’. This Johnson & Johnson process permanently bonds 
the adhesive to the backing material. All Permacel Masking 
Tapes are, of course, unaffected by the chemicals and solvents 
normally used in paints and dopes, 


33 DED ADE 
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Carobronze thin-walled 
tubing for thin-walled 
spring-shackle bushes 


—of course 


ECONOMY IN METAL 
@® ECONOMY IN MACHINING 
combined with 
@® HIGH LOAD CAPACITY 
®© MAXIMUM RESISTANCE TO WEAR 
@ EXCELLENT PHYSICAL PROPERTIES 


CAROBRONZE BRAND COLD DRAWN 
PHOSPHOR BRONZE TUBING 


CAROBRONZE LTD. 
School Road, 

Belmont Road, 
London, W.4. 


Telephone : 
CHiswick 0245 


Telegrams: 
Carobronce-Chisk, London 


2 
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the new features of 
their 
fuel pumps in detail 


NEW elements, highly resistant to wear from 
dirty or badly-filtered fuel. 


ZF <A 


The new Simms pump element is designed for 
maximum resistance to wear, to combat the arduous 
operating conditions met in overseas markets. 


>>> 


Observe how the plunger design preserves the maximum 
wearing surface at the vital upper end. 


>>>>>>> 


Observe the straight control slot in the plunger which 
provides an accurate precision-ground control edge. 


Observe the simplicity of design, making for ease of 
manufacture resulting in low initial and maintenance cost. 


FUEL INJECTION 
LIGHTING & STARTING EQUIPMENT 


SIMMS MOTOR UNITS LTD OAK LANE EAST FINCHLEY+ LONDON: N2 
Telephone: FINCHLEY 2262 (20 lines) Telegrams: SIMOTUNIT, EASTFINCH, LONDON 
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ENGINEERS’ 
CUTTING TOOLS 
IN 
“DOUBLE MUSHET” 
HIGH SPEED STEEL 


Because of their consistently high standard of accuracy 
and performance, ‘‘Mushet’’ Brands of Engineers’ 
Cutting Tools, made from the famous series of ‘‘Mushet"’ 
high speed steels, are renowned wherever engineering 
takes place. 

The Osborn range of Engineers’ Cutting Tools covers 
every machining operation—fine tools backed by 
generations of experience. 


For long life and better production specify — 


“DOUBLE MUSHET” TOOLS 


le isn't a magic key or any- 
thing like chat. It just so hap- 
pens that we have been called 
in onso many tricky questions 


over the last thirty years that LEAVE 1} 
we now know the answer 

be a good idea to see us ys 

about your new project? 

Estab. 1919. A.1.D. approved. 


THE LEWIS SPRING CO. LTD. 
RESILIENT WORKS, REDDITCH. 
Telephone : Redditch 720/1/2 


LONDON OFFICE : 
321 HIGH HOLBORN, WC.1 Telephone : Holborn 7479 & 7470 


‘Weknow your 
pointot view... 


... because we also 
are engineers and machinists 


Another good reason why 
engineers prefer 


KIRKSTALL 


CARBON AND ALLOY IN ALL STANDARD SECTIONS. ALSO SUPPLIED, 
FULLY HEAT TREATED, TO ENGINEERING SPECIFICATIONS 


KIRKSTALL FORGE ENGINEERING LTD - LEEDS 5 
Telephone : Horsforth 2821 
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A good weld deserves — 


Only body filling solders of guaranteed purity and 
consistency give the high standard of finish demanded 
in the automobile industry today. Enthoven solders 
are manufactured under rigid labora- 

tory supervision to meet the exacting 

requirements of the coach builder. 

Enthoven Tinmans, Blowpipe, Ingot and 

Solid Wire Solders are supplied to 

B.S. 219-1949 and to customers’ 

special specifications. Enthoven Body 

Solder is supplied in sticks to standard 


Photographs by courtesy of Pressed Steel Co. Ltd. 


the finest body filling solder 


specifications or to special alloys. Entocene Solder 

Paint for pre-tinning on body work and for certain 

sweat soldering work is easy to use, clean and econom- 
ical in operation. Tricene Soldering 
Fluid for use with all soft solders 
gives safe, vigorous fluxing without 
corrosive residue. 
Our technical advisers and laboratory 
staff are available for consultation. 
Technical data, descriptive literature and 
samples will be gladly sent on request. 


ENTHOVEN 


ENTHOVEN SOLDERS LIMITED, 89, UPPER THAMES STREET, LONDON, E.C. 4. 
£3613 
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a first class performance 


Wherever performance is of 
vital importance, it is safer to 
specify Weston Oil Seals before- 
hand... to make certain of 

a first class performance. 


it is always safer to fit 
WESTON OIL SEALS 


Write or phone for full inforrnation to :— 


BIRMINGHAM 


HOLBORN 0414 


BEADED ON THREE SIDES 
AND REINFORCED WITH 
CANVAS THROUGHOUT 


HERMETIC RUBBER CO. LTO. 


HERMETIC WORKS - RYLAND ST + BIRMINGHAM 
PHONE EDGBASTON 09834 1895 GRAMS HERMETIC. 


ignore this 
it may 


Faulty ignition, indifferent lighting, inefficient 
charging, all cause delay and consequent loss 
of money. At the first sign of any of these 
danger signals, do the wise thing, have your 
truck rewired with AERIALITE, the Safe, 
Dependable Auto Cable. 


AERIALITE LTD., STALYBRIDGE, Cheshire 


Safe, bep endable | 
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Photograph by 

courtesy of Messrs. 
Metropolitan- Vickers 
Electrical Co., Ltd. 


The above photograph shows 
the heavy roughing cut on an 


iron casting. The tool is of 
Cutanit Grade O which is eZ 
unequalled for this class of \ 


work. 
4 
CEMENTED, CARBIDE 
JESSOP & SONS LTD JJ SAVILLE & CO'LTD- 
BRIGHTSIDE WORKS SHEFFIELD TRIUMPH WORKS SHEFFIELD 


AUTOMOBILE ENGINEER, August 1953 


Wes 


Four - stroke diesel - engine 
cylinder liner showing the 
124” bore Monochrome pro- 
cessed with perfect oil control 
provided by the HONEY- 
CHROME cellular surface 


Photo by courtesy of Messrs. Davey, 
Paxman and Co. Ltd, of Colchester 


Resistance to wear 


OF DIESEL ENGINE CYLINDERS IS 


enormously 
increased 


if they are Honeychrome processed by 


con 
STUDLEY ROAD, REDDITCH, WORCS 


Telephone: Studley 121/2/3/4 


22188A 
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PRESSWORK AND ASSEMBLY 


BLANKING, DEEP DRAWING, WELDING 


Blanking up to 24” x 18”. Drawing up to 8” depth. 


All types of presswork up to 200 tons capacity. 


SAMUEL GROVES & Co. Ltp. 


MUSGRAVE ROAD, HOCKLEY, BIRMINGHAM, 18 


Telegrams: 
Sevorg, B'ham 


Telephone: 
NORthern 3634/5 


Cary springs, made for all of road vehiclese—from the private 
car to the heavy lorry—are of the highest quality and incorporate 
the skill and experience of over 100 years of spring making. 

For the of coil for car sus ion a 
modern factory been equipped with facilities of the latest type 
including centreless grinding shot peening and crack demation. 


WiLLiaMm. E. CARY 
RED BANK MANCHESTER 
Telephone: = (10 lines). 


SALFORD, GLASGOW, LONDON & COVENTRY 
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GEAR TOOTH ROUNDING 


and CHAMFERING MACHINES _ 


Automatic Operation, High Produc- 
tion Rates on External and Internal 
Gears, Starter Rings, etc. 


We also manufacture Rotary Cam 
and Profile Milling Machines, Short 
Thread Milling Machines, Multiple 


ENGINEERING CO. LTD, 


Machines, End Facing and Centring 


COVENTRY covenrey cose: 


Rathbone] 1664 
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SONS & CASSELG 
10, LLOYDS: -E.C.3. Phone ROYAL 4861 
10, LLOYDS AVENUE: LONDON -E.C.3. Phone 486l 
a 
j\avle for ava | Dri Ma es, Tapping 
and 1010 aquest’ 
| 
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PLASTICS 
in the 


Highway mode 


It isn’t our metier to 
discuss a 2 litre 
Or chew 
Over speed that’s fantastic, 
Though we don’t rule the roost 
In the realms of power boost 
We are certainly gen men 
On plastic. 


For in yesterday's cars 
And more so today, 
You'll find plastics playing 

their part 

Just look at that Dash 

And the Ash Tray to match 
And that Rear-light 

Indubitably smart! 


Gear-lever handles, 

Lamp lenses and housings, 

Ignition sets, 

Horn buttons and Gaskets, 
Accumulator cases with 

black shiny faces 

All efficiently moulded 

In Plastics. 


So switch on the radio, 
Take hold of the wheel, 
(Plastic again you will see ) 


Ay And if your Auto suggestions 
hd Involve moulding questions 

. Why not consult us — 
a It’s free! 
“WARY 


FOR PLASTICS CONSULT... 


EKCO 


% Send for our fully illustrated 
brochure entitled ‘ Plastics for Industry’ 
Members of the British Plastics Federation 


E. K. COLE LTD. SOUTHEND-ON-SEA ESSEX 
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MQUALITY 


The AUTOMOBILE INDUSTRY (, 


REGISTERED 


Produced to B.S. 1083, 1951 Grade ‘R’ 
with B.$.F. or Whitworth Threads, 
and to §.A.E. (American) Standards 
ANC or ANF, also to Unified Standards 
(Normal Series) B.S. 1768, 1951 
STEEL Grade ‘R’ with Fine or Coarse threads. 


LIMITED CDARTAN WORKS WEST BROMWICH STAFFS 


TELEPHONE TELEGRAMS “SPARTAN WEST BROMWICH 


DOBBIE-McINNES 


“TELEDEP”’ 


Symmetrical 
TANK INDICATOR 


The “ Teledep’’ Symmetrical Tank 
Indicator incorporates the advantages 
of all “ Teledep '’ Patents and snows 
the Depth, Weight and Volume of 
tanks’ contents more accurately, 
Note the points indicated on 
illustration :— 


Open unshaded scales. 
Illumination if required. 
Instructions on nameplate. 
New long-life control unit. 


. Simple colour signal 
operation. 


Descriptive 
Brochure on 
{request. 


DOBBIE M‘INNES LTD 


Noutical & Engineering Instruments 
BROOMLOAN RD GLASGOW SWI 


Also at SOUTH SHIELDS - LIVERPOOL LONDON 
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PRESSINGS « FABRICATIONS 


oF 


mera 


The items illustrated show only a 
few of the automobile components 
manufactured by us for the auto- 
mobile trade in our self-contained 
factory. 

We manufacture our own Press 
Tools; Fabrications, Spinnings, 
Assemblies, and are able to under- 
take all kinds of Metal Finishes. 


PETROL PUMPS — HUB CAPS — DUST COVERS 


ADAMS BROS. & BURNLEY LTD. [iiiawmabaliliteaind 


Elmgrove Road, Harrow, Middlesex. ?p rf oduc e d 4 w i th 
Multi-tool set up 


Telephone: HARROW 6411 (5 lines) 


AIR CLEANER ASSEMBLIES — PETROL TANKS — WING COVERS — WING STAYS 


Overcome your contour finishing problems 
with Pacera pneumatic drums. Wherever the 
application is suitable, considerable reductions are 
effected in time and expense. 

Widely used for the finishing of cast iron, 
brass, zinc, aluminium, timber, plastics, etc. 


‘PNEUMATIC 
ABRASIVE 
DRUMS 


—in six diameters from 2}°— 10° 


W. J. MEDDINGS LIMITED fe Write for Comprehensive 


Sales Office & Showrooms fully iMustrated Brochure 
16, BERKELEY STREET, LONDON, W.!I. Telephone: MAYfair 6417 
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A range of special 
urpose steels desi 
ioc K WASHERS AND 

LOCKING TERMI NALS for widely differing. 


British Patents Nos. 


with the tapered ud 
teeth that lock tighter 
under vibration 


Note the independent tooth form 


Dunelt Steels Catalogue, 

listing qualities, tests, treat- 

ments and analyses of the 

complete general range of Duneit 

high quality special purpose steels 
will be sent on request. 

STAINLESS STEEL 


ALLOY STEEL 
unelt HEAT RESISTING 
HOLLOW STEEL BARS 


DUNFORD & ELLIOTT (SHEFFIELD) LTD. 


ATTERCLIFFE WHARF WORKS, SHEFFIELD, 9 
Telephone Nos.: 41121 (5 lines). Telegrams: — Sheffield, 9"’ 
London Office: 54, Victoria Street, $.W. 
Birmingham Office: 25, Burlington Chambers, 118, lay Street. 


Manufactured from high 
carbon spring steel, hardened P.V.C. WING or ee 
: manufacturers and y builders at home and abroa 
and tempered, also available have proved that plastic materials survive the severest 
in phosphor bronze. A.I.D. APPROVED tests. Whether as standard fittings used as wheel arch 
pipings or specially designed joint mouldings our sections 
{are guaranteed to meet your particular requirements. 


BARBER & COLMAN LTD a ~ Extrusions are our business — not just a department. 
“euaurnnar Please write for brochure on extrusions for the motor industry. 
MARSLAND RD - BROOKLANDS - MANCHESTER 


TELEPHONE: SALE 2277 (3 LINES) C. & C. MARSHALL LTD. 


TELEGRAMS: SALE PLASTRIP HOUSE 

OAKLEIGH ROAD NORTH, LONDON, N.20 
Lines) Cables: Tufflex, London 
ex, Norfinch, London 


Factors’ and Dealers’ enquiries to:- 


Wm. Clark (Spare Parts) Ltd., 438 Harrow Road, London, W.9. Telephone: Hillside 5041 Fs 
Telegrams: Tu’ 
S.B.1 
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Fot Maximum Production 


@ INBUILT ELECTRICAL 


EQUIPMENT 


@ I2SPINDLE SPEEDS-BOTH 
FORWARD & REVERSE 


@ RAISED CENTRES GIVING 
INCREASED SWING 


@ LARGE CAPACITY | 
SWARF PAN 


@ BED PROTECTED BY 
STAINLESS STEEL COVERS 


Ud lard Lathes whe designed 
andl built to get the best out of 
culling tools 
Please write for particulars of our full range of 
Capstan ¢ Turret Lathes 


j 
141N. BAR CAPACITY 
in. SWING OVER BED 
SELLY OAK 1131! 


H.W.WARD & CO. LTDse oak BirmincH 


2C W606 


KENDALL GENT L® 


VICTORIA WORKS GORTON 
MANCHESTER 


Telephone EAST 1035 
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Cornelis Type V.H. Thread Generating Machine cuts production 
time. 

This new precision high production Machine is the perfect answer 
for makers of aircraft, machine tool, motor car, and instrument 
parts. It is the result of 55 years’ experience in the manufacture 
of thread generating machines. 

Fully Automatic, easily operated, quickly adjusted, produces any 
thread and eliminates indexing with multi-start threads. One 
leading machine tool manufacturer using one of these machines 
has reduced the production time of threaded components by 
25°.,. Full details available on request. 


]-B. MACHINE TOOL CO. LTD. 


312-314 Bradford Street, Birmingham 5, England. 
CABLES: “JABEMACHIN "’ TEL: MID 4375-6 


x IN ALL METALS 


As specialists in the production of precision 
pressings for the leading automobile and 
commercial motor manufacturers we are 
well equipped to handle all your 
requirements. 


SPUN CAST 
BRONZE 


ALE. JENKS & CATTELL 
imited 


PHOENIX WORKS - WEDNESFIELD 
WOLVERHAMPTON 


TELEPHONE : 


WHYTE A COLLINS LTD | STOKE-ON-TRENT 48107 


1443/8 TELEGRAMS : 
KELVIN WORKS . FENTON = STOKE-ON-TRENT ALLOYS STOKE-ON-TRENT 
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| TAKING A CHANCE! 
“There no element of chance with ycol 
spUN CASTINGS: The centrifuge pressure to 
which they are gubjecte? ensures dense close 
grain metal, free from porosity: giving greater 
durability: increasing \oad carrying capacity 
and general freedom from service failures: 
May we have the opportunity of proving this 
claim you?” 
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part 
of production 


Two hands belonging to a skilled worker. 
Where would the drive for more 
production be without them? They deserve 
the best press guards made today. 

And you have a right to expect that your 
consideration will not result in a fall in 


output. The answer is, of course, the 
‘Fastrip’ Synchronised Guard for more 


production and greater safety. 
Send for full details today. 


UDAL 


INTERLOCK WORKS, COURT ROAD, BIRMINGHAM, 12 
Telephone : CALthorpe 3114 


PRESS GUARDS 


THANK YOU FOR YOUR CONTRIBUTION TO OUR SUCCESS 
5 AT LE MANS ALL CARS COMPLETED RACE WITHOUT § 
> ADDITION OF ANY WATER OR SINGLE MECHANICAL FAILURE } 


W LYONS... 


We are proud to be 


associated with the 


record-breaking 


performance of the 
Faguar cars at Le Mans 


All Jaguar cars are fitted with MARSTON RADIATORS 


For assistance on any problem connected with heat exchange, write to 


MARSTON EXCELSIOR LTD., WOLVERHAMPTON & LEEDS 


(A subsidiary company of Imperial Chemical Industries Ltd.) MAR.116 
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introduce 


TWO NEW 


Ld 


B.1681 VISIBLE 
FILTER 


FOR COMMERCIAL 
VEHICLES 


A line filter with a 4” B.S.F. 
~ 44” long stud fixing at the 
top for fitting to a bulk- 
head, witha bracket whichis 
suppiied with each unit. 
Ref. Pipe Union 
No. Size Type 

BI681A Solderless 
B1681B Soldered 


20/- 


RETAIL 


> 


1124 VISIBLE 
FILTER 


FOR VEHICLES & 
STATIONARY 
ENGINES 


A line filcer with a fixing lug with 
hole for 4” bolt 


14/- 


Ref. Pipe Union 

No Size Type RETAIL 
O.D. Solderless 

1124B 0.D. Solderless 

1124C) 4" OD. Soldered 

.D. Soldered 


Order through your local garage, but if you have 
any difficulty, contact the manufacturers:— 


BENTON & STONE LTD., ASTON BROOK STREET 
BIRMINGHAM 6 


A Catalogue You 


Now available. 7 

The New No. 97 BRITOOL fully illustrated catalogue 
in colour. 92 pages 103” » 84”. Socket, Ring, Torsion 
Wrenches and other patterns of this world famous range. 


GET YOUR COPY NOW. we ALLOY 


Tool up with 


JENKS BROS. LIMITED, 
BRITOOL WORKS, BUSHBURY, WOLVERHAMPTON, STAFFS. 
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he slots are pierced right — 
‘through the band, thus _ 
affording the worm ory 


screw an absolutely certain 
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The simplest and most economical system of pre- 
treatment against rust is the jenolizing process, in which 
only three operations are necessary—(1) degreasing, 
(2) water rinse and (3) combined rust and scale removal, 
rust prevention and phosphate coating. The treated surface 
provides an excellent key for final painting and finishing, 
no neutralising being necessary. 

Where vehicles are to be dispatched overseas in com- 
plete knock-down form, jenolizing gives full protection 
against rust. 

Jenolite Ltd. supply and install complete treatment 
plants of any capacity. Their technicians will gladly advise 
on any problem relating to rust removal and prevention. 


LONDON: 43, Piazza Chambers, Covent Garden, W.C.2. Tel: TEM. 1745, 3058, 5059 
GLASGOW: Jenolite House, 304, High Street, Glasgow, C.4. Tel: Bell 2438/9 


@ 263/24 


Taking it in our stride 


There’s nothing new 


under the sun, they say. It’s 
surprising how many ‘insuperable 


obstacles’ are brought to us 


that we took in our stride ten, twenty, 
thirty years ago. If it’s anything 
to do with turnings and pressings we 


probably know the answer already. 


Why not call us in and see ? 


GRIFFITHS, GILBART, LLOYD & CO. LTD. 


EMPIRE WORKS, PARK ROAD, BIRMINGHAM 18 
Tel: NORthern 6221 
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Properties 
and temper 


In 
SPARK PLUG ALLOYS 


GIVING THE BEST MANUFACTURING CONDITIONS 


Spark plug alloys are no great problem in melting 
or rolling or drawing. But to provide a wire with 
just those physical properties and temper that a 
spark plug manufacturer requires demands some- 
thing more than normal knowledge and normal 


care. 


Round wire must have, besides a clean smooth 
surface, enough softness for the wire to function 
satisfactorily in a stamping machine, yet with the 
stiffness necessary for feeding into the machine. The 
right combination is very critical. 


Flattened wire must have good weldability and 
ductility, with a stiffness that will ensure a proper 
spark gap being maintained over a long period. 
We think we can help you with your own spark 
plug wire problems. 


BRITISH DRIVER-HARRIS co., Lt. 
MANCHESTER 15 


‘THE ELECTRICAL ALLOY DATA BOOK’ 


This is a most useful general reference. 
Copies on request. 


Pod In industry, transport or any 
— project where accuracy and 
quality are essential specify 
Lindley Bolts, 
Setscrews. 


Nuts or 


BOLTS 


AND 


NUTS 


Cc. LINDLEY & CO. LTD. 
ENGLEFIELD ROAD, LONDON N.1. 
Phone: CLissold 0643 (4 lines). Grams: BEAUVOIR, NORVO, LONDON. 


STOCK RANGE 
3/32” to 10” 


DATA SHEETS 
AVAILABLE 


CIRCLIPS 
Write for them now to 


ANDERTON SPRINGS LTD. - BINGLEY - YORKSHIRE 
TELEPHONE : BINGLEY 2351 & 2226 TELEGRAMS: CIRCLIPS, BINGLEY. 


We manufacture 
THERMO-SETTING PLASTIC 
COMPONENTS the 
Automobile Industry, such 
as CONTROL KNOBS and 
HANDLES, and specialise in 
mouldings to your own speci- 


fications, for which our own 


HARRISON BROS 


39-43, BRANSTOW ST BIRMINGHAM 
Established 1928 
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For Reliability install 


TEISEN 


Continuous Type 


MOULD FIRING FURNACES 


GAS or OIL FIRED with 
AUTOMATIC TEMPERATURE CONTROL 


Complete Installations 


WITH WAX MELTING OVENS HEATED 
BY HOT AIR CIRCULATION 


TH. TEISEN, C.E. BIRMINGHAM, 36 


FURNACE ENGINEER AND CONTRACTOR PHONE: KING’S NORTON 2284 (3 lines). | GRAMS: TETE, PIRMINGHAM 


The solid argument is that it is not solid 


Why use solid bar and section for chassis members when tube will do the same job 
witha reduction in weight and no loss of strength? Why not make up a prototype 
tubular chassis — Accles & Pollock will gladly co-operate with your designers — 
it will give you concrete evidence of strength, 

weight and cost factors, and it may 

suggest new thoughts on future development. 

The tubular frame of the Bristol-Cooper 

is 90 lb. lighter than its predecessor yet 

has greatly increased stiffness. 

It is almost a weekly occurrence for this 

car to prove how good it is at 

competitions and events. 


ACCLES & POLLOCK Stee! Tube Makers and Manipulators A @ COMPANY 


OLOBURY - BIRMINGHAM MI 
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ASSOCIATED 


ILIFFE 


TECHNICAL BOOKS 


SERVICING GUIDE 
TO BRITISH MOTOR VEHICLES 


Volume 1. Presents servicing and maintenance infor- 
mation, data, sectional arrangement drawings and 
diagrams on 52 post-war British cars, commercial 
vehicles and tractors, arranged by makes and fully 
indexed. Includes an illustrated glossary of terms used, 
a list of alternative part names and a collection of useful 
and unusual conversion tables. 


Price in U.K. 63s. net. By post 65s. 


Volume 2. Provides servicing information, presented in 
the same style as in Volume 1, on many 1951-52 British 
vehicles. Both volumes, size 11}” » 83”, are printed on 
the stoutest available paper to withstand hard usage. 
Price in U.K. 42s. net. By post 43s. 6d. 


Volumes 1 and 2 together cover the servicing 
needs of repairers for most post-war models. 


Obtainable from all booksellers or direct by post from Iliffe & Sons Ltd. 


Associated Trade Journals Co., 


at the address below. Sole distributors for Australia and 
Sydney, N S. W. South Africa:- 


Jew Zealand:- 


King Ltd. 


Central News Agency, Joh 


DORSET HOUSE, 


STAMFORD STREET, 


LONDON S.E.1 


QUICK DETACHABLE PIPE COUPLING 


Rotate sleeve for safety 


for use on trailers with tractor led 
brakes. Body ‘A’ fixed on back of 
tractor, operation is as follows: 

Move sleeve ‘B’ back, this allows steel 


lock. 
Couplings rustproofed. Can be used 
for vacuum or pressure. Standardised 


retaining balls to open and release cone 
‘C’. When connecting, hold sleeve ‘B’ 
back while inserting cone. Internal 
spring then returns sleeve to “locked” 


FEENY & JOHNSON LTD WEMBLEY 


Telephone: WEMbley 4801/2 


by S.M.M.T.; in general use in 
America. Safe working load of 4,000 
Ibs. per sq. inch. Can be supplied with 
an automatic shut-off valve. 


NITRIDED 


NITRALLOY 
STEEL 


OPTIMUM HARDNESS & STRENGTH 


Particulars from 


NITRALLOY LIMITED 


25, TAPTONVILLE ROAD 
SHEFFIELD 10 


Telephone: Sheffield 60689 Telegrams: Nitrallov, Sheffield. 
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Hand Control 


Cast + Ton or Aluminium 


TOOLS 


 ipllelaaineed in a standard range of BLACK and Colours from 34” 
diam. to 12” diam. Also fitted with a Revolving Handle when 
required. DOVERITE is made from Cellulose Acetate—a superior 
plastic to the usual synthetic resin product—is very hard and 
practically indestructible. It has a permanently polished surface, 
impervious to oil and water, and is an efficient non-conductor of 
electricity. The colour is solid throughout, and will not wear off. 
We also cover Manufacturers’ own 


Wheels, or will make quantities 
against blue-prints. 


MOULDED 
KNOBS & HANDLES 


are also supplied in standard sizes 
or made to Manufacturers’ own speci- 
fications. The threads are moulded in 
the DOVERITE and are strong enough 
for most purposes. 


DOVER LIMITED, NORTHAMPTON 


8: CENTRE LATHE 


(960 R.P.M.) 


The illustration shows the 

clean lines, accessible disposition 

of all controls and robust construction 
of the W & M 83” Centre Lathe. 


fustrated booklet will be forwarded on request. 


Designed and built 
for sustained production at high 
speeds, the new W & M 83” lathe has 
set a new high standard of performance 
and reliability. Specification includes: 


Rigid diagonal 
braced bed with additional stiffness pro- 
vided by one piece fabricated stzel 


Rapid selection of 
spindle speed with clear indication of 
desired speed. 


Totally enclosed 
auto lubricated quick change feed gear 
box with provision for metric module, 
diametrical, and fractional pitch thread 
cutting without recourse to multiplicity of 
change wheels. 


e Totally enclosed 
auto lubricated apron with single lever 
selection of desired feed motion with 
choice of coarse or fine to each motion. 


Large direct 
reading dials to feed screws. 


WOODHOUSE € MITCHELL 


(PROPRIETORS 


THOS W. WARD tT OF 


PHONE BRIGHOUSE 627 (lines) WAKEFIELD RD. - BRIGHOUSE - GRAMS WOODHOUSE BRIGHOUSE’ 
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4 
The makers of the § 


World’s most Rugged 
Ke) 


Trucks Specify... . 


MOSS 
GEARS 


THE MOSS GEAR CO., LTD., CROWN WORKS, TYBURN, BIRMINGHAM, 24 


Phone : ERDington 1661-6. ’Grams : Mosgear, Birmingham.’ 
6347 


MEKELITE 
; @ Highest Quality 
= JOINT @ Good Deliveries 


INDUSTRIAL @ Closest Co-operation 
at all stages of ov? 
Manufacture 
UNITS : 
GEORGE 
ve 
\ "WEARING 
LIMITED 


Carters Green Foundry, West Bromwich 
For wall, bench or machine mounting, Catalogue sent free on request, CG Phone : WES 0092 Established 1850 


MEK-ELEK Engineering Ltd., 


17, Western Road, Mitcham, Surrey. 


CONSISTENT ACCURACY... 
precition aute-tumned parts 


Trouble-free assembly is guaranteed by first class workmanship 
and modern plant. Quantity production of parts turned to your 
own specification, up to a maximum diameter of 14”, A.R.B. 
Approved. 


NORTHERN AUTOMATIC SCREW CO. <> 
GOLF ROAD-HALE-ALTRINCHAM- CHES PHONE: ALT-2184-2497 
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This crane we want!! 


“Tt must stand up to hard work under severe 
conditions. We can’t afford breakdowns so 
it must be reliable, and also easy for our own 
people to maintain, and of course the price 
must be right. Now then, is there such 


a crane ?” 


“Yes, we would be on a safe wicket 

with Clayton—their range of overhead 
cranes goes up to ten tons and I know 
of one concern which has over 200 of 
their cranes and hoists in daily use 
on most punishing work. I will write 
for a copy of their crane catalogue 
and ask them to send their local man 
round.” 


\ 7 


/ 


Going 
up 
everywhere 
% 


WN 
| 


THE CLAYTON CRANE & HOIST CO. LTD. 


IRWELL CHAMBERS EAST - UNION STREET - LIVERPOOL 3 
Telephone ; CENtral 1141 (4 lines) Telegrams ; Claymag, Liverpool 


Represented in all principal countries 


CH 28 


RESILIENT-GRIP Lh 
MOUNTING BOLT 


@ For fixing in concrete, @ Cleaner and quicker to ; A 
brick, masonry, wood fit. ; 
or metal. 


@ Can be used repeatedly. 


@ The fastening is made 
with rubber, providing @ Standard sizes from }” 
atenacious resilient grip. dia. to 3” dia. in both Femace Tyee | 

@ Shockloading of founda- MALE and FEMALE 

@ The Bolt with its own 4, 4 
spring washer. @ Write for catalogue. e ° 

THIS IS ANOTHER 4 
WwW T ‘o) M > A bolt that has limitless uses 
Re in countless industries with 
PRECISION FASTENER an. overall saving in time 
a and cost. 


L. H. N EWTON & co. LTD. Head Office and factories: NECHELLS, BIRMINGHAM, 7. Telephone: EASt 1551 (16 lines) 


Branch Offices: LONDON, COVENTRY, MANCHESTER, BRISTOL & DUBLIN. 
Represented in: SOUTH AFRICA, NEW ZEALAND, IND A, SOUTH AMERICA, DENMARK; NORWAY, HOLLAND, CEYLON and ali MIDDLE EAST COUNTRIES. 


AUTOMOBILE ENGINEER, August 1953 


4 
| CLAY TON 
AOISTING & HANDLING EQUIPMENT 
OF-ENDURING QUALITY 
| 
/ A / 


PRESSINGS 
TURNED PARTS 
ASSEMBLIES 


in ferrous or non-ferrous metals, 
electro or enamel finishes for the 
Automobile Industry and the General 
Engineering Trades. 


Component parts or complete as- 
semblies designed and produced 
to the customer's requirements. 


Our technical staff will be pleased 


to advise. 


W.H.BRISCOE & CO. LTD. 


WHARFDALE ROAD, TYSELEY, BIRMINGHAM 11 
Telephone: ACOcks Green 1197 


Telegrams: ‘‘Brisk, Birmingham."’ 
Foldens 


AUTOMOBILE 
SERVICE ENGINEERS 


Ford Motor Company Ltd of Dagenham, Essex, require 
the following staff. Salaries in accordance with experience 
and qualifications. Generous non-contributory pension. 
Reply to Salaried Personnel Department, quoting refer- 
ence shewn and giving brief details. 

TECHNICAL ASSISTANTS. H.N.C. standard, with wide 
experience » | Internal Combustion engines. One to possess sound diesel 
knowledge. Ref. R/T A2. 

CLAIMS CORRESPONDENT. Sound knowledge of engines and 
some clerical experience. To deal with mechanical engineering aspect of 
claims, Ref. TCC 2. 

INSTRUCTORS. O.N.C. essential. Will be employed on teaching 
duties in Service School. One to have practical knowledge of agricul- 
tural tractors and implements. Ref. R/SS2 


| 


2nd EDITION. By R. DEAN-AVERNS 


This volume, published for AUTOMOBILE ENGINEER, provides 
a comprehensive survey of all the fundamental aspects of 
automobile design apart from the prime mover. The second 
edition contains new chapters on the techniques of indepen- 
dent suspension and chassisless construction, together with 
new material on methods of stress measurement, anti- 
corrosive treatment of metals, road spring design and 
streamlining. Much of the emphasis is on the problems of the 
heavy commercial vehicle, but in general the work is applic- 
-abletocardesign. 30s. net. By post 30s. 8d. 


Obtainable from all booksellers or from : 
DORSET HOUSE, STAMFORD ST., LONDON, S.E.1 


ASSOCIATED 


ILIFFE 


TECHNICAL BOOKS 


‘MORE SILENT AND EFFICIE 


Silencers of all types, for Cars, Commercial Vehicles, 
Tractors and Marine purposes. 

Any type of Silencer made to your own specifications. 
Straight thro’ — Two — Three and Six pass, also 
Standard Baffle Type. Enquiries cordially invited. 


ENGINEERINGC 


ALBION MILL GLAZEBURY 


Tel: Culcheth 2167/¢ -Cul 3133. Grams: Perfecto -Glazebury 
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for 
Reliable Castings 


IN BLACKHEART MALLEABLE 


Founded in 1906 and suppliers to the 
Motor Trade for over 40 years. Pioneers 
in the use of rotary furnaces. Laboratory 
controlled throughout. Notable for accur- 
acy, reliability and easy machinability. 
We have our own machine shop and 
castings can be supplied fully machined 
if desired. 


FOLLSAIN WYCLIFFE 
FOUNDRIES LTD., LUTTERWORTH 
Nr. Rugby. Tel. Lutterworth 10 & 60 


A group of typical castings in regular production Cogent 
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But YOU CAN HAVE 
the many henefits 


> OF 
A REGCD. 
CAMCOL 


DRAUGHT EXCLUDERS 
HIDEM BINDINGS 
WING PIPINGS 

WELTINGS ETC. 


H. G. GRAHAM & SON LTD. 


CAMCOL HOUSE, DORRINGTON STREET, LEEDS 2 


Factories 
19/21, DORRINGTON STREET 


and PERSEVERANCE Mitts, ) LEEDS 
Tel 22841 (2 Lines) 
F 
London Office 
30, Leysian Buildings, 112, City Rd. E.C.1. 
Telephone Clerkenwell 9130 Saree 


Resident Representative :— Mr. D. A. ATKIN, 9, Queens Road, Coventry. Tel.: 5038/9. 
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CLASSIFIED ADVERTISEMENTS 


RATE 4d. per word, minimum 4/-. Each 
paragraph charged separately. Box number 
5 words—plus 1/-. Advertisements for the 
Sepiember, 1953, issue shou'd be to hand 
not later than first post August 20th. No 


resnonsibility accep'ed for errors. 


The engagement of persons answering these 

advertisements must be made through the local 

office of the Mimstry of Labour «nd National 

Service etc. tf the applicant is a man aged 

18-64 or a woman aged 18-59 inclusive, unless 

he or she or the employer is excepted from 

the provisions of The Notification of Vacancies 

der, 1952 
SITUATIONS VACANT 

SENIOR Designer required for Structural or 

' Airframe Section of Guided Weapon Design 
Office. This man will be required to work on 
the Production Design of an accep ed princip.e 
and applicants with both aircraft and/or motor 
industry experience will be considered most suit- 
able. Ordinary or Higher National Certificate 
desirab‘e. This post offers scope for advancement 
in an expanding organization. Address replies to 
Dept. C.P.S., The English Electric Co. Ltd., 
336-7, Strand, W.C.2, quoting reference 845A. 
[4690 


I DESIGNER Draughtsman required for 
research and development department of 
la.ge M.dland firm, Write statung training, 
experience and qualifications. Box 8804 c/o 
Automobile Eng neer [4703 


N INISTRY OF TRANSPORT: CERTIFY- 
ING OFFICER. The Civil Service Com- 
missioners invite app'ications for 4 pensionab‘e 
posts. Vacancies are in London, B.rmingham, 
Leeds, Manchester. Age at least 35 on Ist 
January, 1953. Candidates must be Corporate 
Members of the Institution of Mechanical 
Eng.neers and must be fully qualified mechanical 
and sutomobile engineers who have completed a 
recognised profess.onal training 
NCLUSIVE salary £970 to £1,280. Somewhat 
lower for women and in provinces. Promotion 
prospects 
JCURTHER particulars and application forms 
Civii Service Commission, Scientific 
Branch, Trimmdad House, Old Burlington Street, 
London, W.1, quoting $ 4230/53 Applcation 
forms to be returned by 27th August 1953. [4704 


NGINEER Designer required by old-estab- 
4 lished firm, aged 30-40, with some scientific 
training; Universny graduate preferred. Appli- 
cants must Bove had considerable experience in 
the design and development of small diesel 
marine propusion engines up to 300 b. hp. 
Workshop experience essential, and the candi- 
date should be a capable draughtsman able to 
prepare designs, carry out all necessary calcula- 
tions and be familiar with up-to-date testing 
methods and general experimental practice. This 
is 4 permanent post with good salary, pension 
scheme, and excellent prospects. Replies should 
give brief history of training and experience. Box 
c/o Automobile Engineer [4716 


AN experienced man is required to manage 
engine test dept. He should be capable of 
drawing up and carrying out test programmes, 
including instrumentation, etc. Apply in writing 
to The Chief Engineer, E.R.A. Ltd., London 
Road, Dunstable, Beds [4698 


TPYECHNICAL Executive. A vacancy occurs on 

the staff of a London manufacturer of 
specialised lig'tt electrical equipment for auto 
motive and similar applications. This is a senior 
engineering appo.ntment with opportunities for 
advancement, carrying responsibJity for the 
direction of developnent through all stages to 
final quantity product on, Applicants should be 
qualified engineers preferably under 40, who can 
evidenme of real adm nstrative and con 
mercial experience. In reply quote TE/1, Box 
8806 c/o Automobile Engineer [4714 


COTTON BAGS 


FOR SPARE PARTS Etc. 


Walter H. Feltham & Son Ltd 
imperial Works, Tower Bridge Road 
Telephone : HOP 1784. LONDON, S.E.1 


SITUATIONS VACANT 
NGLAMOL ‘Technical Service Laboratories, 
Hazelwood, nr. Derby, specialising in lubri- 

caung problems and oil development have a 


vacancy for a Technical Assistant. Preferably 
Degree standard and with good knowledge and 
enthusiasm for internal combustion engines, must 


be capable of writing a good report. ‘Ihus vacancy 
represents an excellent opportunity for the right 
man, Salary im accordance with qualifications 
and experience {4713 
SENIOR Designer required with experience of 
'* heat exchange problems. Capable of design- 
ing radiators tor heating or cooling installations 
for industrial purposes or vehicles, and able to 
control a small section of Drawing Office on such 
problems Write giving particulars of age, 
experieme and salary required to: The Chief 
Engineer, Clayton Dewandre Co, Ltd., Titanic 
Works, Lincoln {4712 
QENIOR Draughtsman required with exper.ence 
in the design and manufacture of pneumatic 
and hydraul.c brake components. Write giv.ng 
particulars of age, experience and salary required 
to: The Chief Engineer, Clayton Dewandre Co 
Lid., Titanic Works, Lincoln {4711 
PRODUCTION Manager. An old-established 
Midland company wishes to appoint a really 
experienced Engineer to take full control of 
all production departments in connection with 
the introduction of a new high grade sports car. 
The position offers great scope to a first-class 
man hav.ng adequate experience of both chassis 
and body engineering, and he wil! be required 
to engage his own team for the purpose. App!ica- 
tions will be treated in the strictest conhdence 
and should be addressed to “ The General 
Manager,” giving full details of education, career, 
qualifications and salary required. Age group 
35-50 years. Box 8805 c/o Automob.le Engineer. 
[4707 

QHEPI IELD area. Designer-Draughtsman, 
b age 30-35 years, for automotive work, pre- 
ferably with experience in power-transm ssion 
layout for road and rail vauldies Box 8807 c/o 
Automobile Engineer. {4715 


OINTS 


for the AUTOMOBILE 
INDUSTRY 


ification 
mer’s specific 


M.C.L. & REPETITION LTD. 


POOL LANE - LANGLEY - BIRMINGHAM 
Telephone : Broadwell 1115 (4 lines) and 1757. 


Holdens 


SITUATIONS VACANT 
UTOMOBILE Service Engineers. Technical 
Assistants, Claims Correspondent and 
Instructors required. See Ford Motor Company 
Ltd.'s displayed advertisement in this issue. (4710 
CHASSIS Draughtsman required by the Rootes 
‘ Group Truck Plant in Luton. Applicants 
must have a wide experience of medium and 
light vehicle chassis design. 
JERMANENT position with good salary and 
pension scheme. 
LEASE apply in writing to the Secretarial 
Department, Commer Cars Limited, Luton. 
(4708 
"T.ECHNICAL Instructor (Motor Mechanic) 
required by the Government of Nigeria 
Education Department for two tours of 18-24 
months or three tours of 10-12 months with 
prospect of permanency. Salary, etc., according 
to experience in scale £750 rising to £1,175 a 
year. Outfit allowance £60. Free passages for 
officer and wife and assistance towards cost of 
chudren’s passages or their maintenance in this 
country. Liberal leave on full salary. Candidates 
must have served an apprenticeship as a motor 
me.hanic and must be experienced practical 
tradesmen. They must hold a C. and G. Full 
‘Technological Certificate in Automobile Engin- 
eering Practice or an equivalent qualification and 
should have had experience of apprentice training. 
RITE to the Crown Agents, 4, Millbank, 
London, S.W.1. State age, name in block 
letters, full qualifications and experience and 
quote M2A/29071/AM. 4706 
SENIOR Planning Engineer and Draughtsman 
required for all metal coachwork on Rolls- 
Royce and Bentley chassis. Write stating qualifi- 
cat.ons etc., to Managing Director, Jack Barclay 
Ltd., Berkeley Square, London, W.1. [4705 
A UTOMOBILE Engineer. Joseph Lucas Ltd. 
4% require a first class engineer to take charge 
of the section of their laboratories dealing with 
investigations into the starting of LC. engines 
under low temperature conditions and allied 
problems. This pos.tion provides an excellent 
opportunity for a young energetic engineer with 
previous igine testing experience, preferably 
including cold room work. Applicants should 
have an engineering degree and should be not 
o.der than 35 years of age. Please reply stating 
qualifications, experience and age to Personnel 
Manager, Joseph Lucas Ltd., Great K ng Street, 
3irm ngham, quoting reference PM/D/75. [4702 
OEP Established Midland Company require 
a fully experienced automobile designer 
competent to take charge of small drawing office 
under the direction of the Technical Manager. 
PLEASE g.ve summary of experience and 
salary required, addressed: For the attention 
of the Technical Manager, Box 8802 ¢/o Auto- 
mobile Engineer. {4700 
USINESS & PROPERTY 
QOUTH DEVON: In agricultural area. Garage 
+ business and bungalow, with 4 rooms, 
kitchen, bathroom. Petrol sales and repair work. 
Equipment and stock. 3 coaches with licence 
for tours, excursions, local stage coach service 
and contract work. Taxi. £5,850 for whole, 
Freehold. Further particulars from Viner, Carew 
& Co., F.A.1., 55, York Street, Plymouth. [4697 
QOMERSET Coast Town. To be sold as a 
* Going Concern. Large Garage with spacious 
arking area, 10 lockups, repairs shop, coach 
eons, office and store and modern House, 3 
bed: bath: 2 sitting rooms, etc. Price includes 
large stock, good equipment, etc. Full particulars 
from Hedley Rendell, Auctioneer, Minehead. 


4709 
AGENCIES WANTED 

A GENCY/DISTRIBUTORSHIP, Automobile 
4% components or accessories, required by firm 
already wholesale distributors for well-known 
accumulators in area Bournemouth, Christchurch, 
Poole, Weymouth, Dorchester and Salisbury. 
Box 8803 c/o Automobile Engineer. {4700 


PATENTS 

THE proprietor of British Patent No. 601749, 
entitled “Improvements in or relating to 
air cleaners,’ offers same for licence or other- 
wise to ensure practical working in Great Britain. 
Enquiries to Singer, Stern & Carlberg, 14, East 
Jackson Boulevard, Chicago 4, Illinois, U.S.A. 
[4699 


THE ANTI-FRICTION BEARING CO. LTD., 
HARFORD STREET, 
BIRMINGHAM, 19. 

Manufacturers of Plain Bearings in Gun 

Metal Steel and White Metal. 


Tel. Nos: NORthern 2024-5 
Tel. Add: “Antifric’’ ‘Phone, Birmingham, 19. 
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ALL TYPES ~— NEW & USED. 


HEET L MACHINERY MACHINE TOOLS WOODWORKING MACHINERY 


DWARDS HOUSE, 


E 
ASK for LISTS. 359-361, EUSTON RD., LONDON 


AUTOMOBILE ENGINEER, August 1953 


N.W.1 
Phones: EUSton 4681 & 3771 
and Lansdowne House 
41, Water St., Birmingham, 3 
(CENtral 7606-7) 


Made to 
in any quantity: 
For precision parts from the bar 
as in any metal, particularly those 
tie which are not produced by the 
a, cold head or roll threaded process 
= — 


HARVESTER 


OF GREAT Mj 


BRITAIN LTD. 
USE 


CLANCEY 


\ CAST-IRON VALVE GUIDES 


AND 


CHILLED - FACED APPETS 


TELEPHONE: “CRADL EY HEATH 2-3 


Every process of manufacture of Spencer Tools, from 
melting to finish grinding is under one control. This 
close co-operation between steelmaker and toolmaker 


; guarantees the efficiency of the finished product. 


FROM SPENCER STEELS 


STANDARD & 
SUPER GRADES 


SPENCER SPECIAL CUTTERS, REAMERS 
VELOS HOBS, DRILLS, FILES 


High Speed Steel and Tools. 
** TRIPLE CRESCENT"’ 

Alloy Tool Steels, Broaches, 
Stay Taps, Machine Parts, etc. 
**CRESCENT”’ 

Tool Stee! and Tools. 


WALTER SPENCER & CO. LTD., CRESCENT STEEL WORKS, SHEFFIELD, 4 


Telephone: SHEFFIELD 25281 (2 tines) Telegrams: “CRESCENT SHEFFIELD o 


AND AT LONDON - BIRMINGHAM « MANCHESTER 
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Heavy wark carpe: Tools 


INDEX TO MANUFACTURERS’ 


PAGE 
124 


PAGE 
127 Collier & Collier, Ltd 


Accles & Pollock Ltd. a 
& Co. (Birmingham), 
d 


AC-Delco Division of General 
Motors, Lid 

Acheson Colloids, L td. ° 

Adamant Engineering Co., L. td. tions, The 

Adams Bros., & Burnley, Ltd. C vo Motor 

Acrialite, Ltd. .. Ltd. 

Aerograph Co., Ltd., The 

Aluminium Bronze Co. >» €28, Dale, John, Lid. .. 

Amal, Ltd. Darwins, Ltd. .. 

Amber Chemical Co. mY ad., Desoutter Bros., Ltd 

Anderton Springs, Ltd. Dobbie, McInnes, Ld 

Andre Rubber Co., Ltd. os Doncaster, Daniel, & Sons, Ltd. 

Angus, George, & Co., Lid. .. Dover Limited 

Anti-Friction Bearing Co., Lid., Dowty Seals, Ltd 
ss Dunford & Elliott 

Archdale, James ac Ltd. 

Arc Manufacturing Co., Lid. . 

Automotive Products Co. 
‘ . 9, 10, 11, 12 


Barber & 120 
Benton & Stone, Ltd. 124 
Berry, Richard & Son . 
Birlec, Ltd. 
Ltd. 
Birmingham Aluminium “asting 

(1903) Co., Cover iv 
Bound Brook \G. B.), 


Lid. 
Briscoe, W. H. & Co. ‘ ‘Ltd, 
British Driver-Harris Co., Ltd. 
British Electrical Development 
Association 
British Oxygen Co. td, The 
Timken, Ltd. .. 
Tools, Ltd. 
Grifhths & Co., ‘Ltd. 
Bury Felt Mfg. Co. " 
Bushing Co. "Led. , The 


Cape Asbestos Co., 
‘tarborundum Co., 
Carobronze, Ltd. 
Carpet Trades, Lid. . 
Carr Fastener Co., td, 
Cary, Wm. E., Lid... 
Cassel yanide . 
C.A.V., Lid. 
Cc *hurchill, Charles & Co. , Led. 
Clancey, G., Lad. 
Clayton Crane & Hoist Cc 0., 
Ltd., The 
Cc ‘layton Dewandre Co. td. 
Cleveland Petroleum Co., Ltd. 
Climax Co. of 
Europe, Ltd. 
Cole, E. K., Ltd. 


Council of Ironfoundry Associa- 


Fittings Co., 


The 


Sheffield), 


Ad. .. ee 
61 Dunlop Rubber Co., L. td 
Edwards, F. Ja 
English Steel Ltd. 


"39, _-Enthoven Solders, Lid 

Feeny & Johnson, Ltd 
Fe ig Walter H., & Sons, 

Firth Brown Tools, Ltd. 

Fletcher, Miller, Ltd 

Follsain Wycliffe Foundries, L td. 

Ford Motor Co., Ltd s 

Fox, Samuel & Co., Lid 

Fuller, Horsey, Sons & Cassell 

Funditor, Ltd. 


74 
132 


Garringtons, Lid.. . 
Gas Council, The 
General Electric Co., 
Girling, Ltd. 
Glacier Metal Co » Ltd., The. 
Graham, H. G., & Son, Ltd. 
Griffiths, Gilbart, Lloyd & Co. 

Ltd. 


Ltd., The 
iad. The 
Ltd., The 


Groves, Samuel & Co., Ltd 

Habershon, J. J. & Sons, Lid. .. 
Hardy Spicer & Co., Lid cs 
Harrison Bros. (Plastics), Ltd. 
Herbert, Alfred, Ltd. 
Hermetic Rubber Co., Ltd. 
Hey Engineering Co., Lid. . 
Hoffman = Manufacturing Co., 

Ltd., The 

Hotroyd, John & Co., Ltd. 
Humphreys, J. H. & Sons 


96 


Cover iii 


Cover ii 


117 
94 


106 


1,.C.1. (Marston Excelsior, Ltd.).. 
1.C.1. (Metals), Ltd 
Iso-Speedic Co., Ltd., ‘The 


Jackson, H., Ltd. 
J.B. Machine Tool Co. Ltd. 
Jenks, A E. & Cattell, Ltd. 
jenks Bros., Ltd. 

Jenolite, Ltd. .. 

Jessop, William, if Sons, Ltd. 

Johansson, C. E. 

Johnson & Jc 
Britain), Ltd. 


Kendall & Gent, Ltd. 
Kirkstall Forge Eng., L td. 17, 


Lathom Engineering Co., Ltd. .. 
Lewis Spring Co., Ltd., The .. 
Lindley, C., & Co., Ltd. 
Linread, Ltd. .. - 


Marbaix, Gaston E., |. 
Marshall, C. & C., Ltd. 
M.C.L., and Re etition, Lid. 
Meddings, W. 
Mek-Elek Ltd. 
Metalastik, Ltd. 
-Vickers Electrical 

Co., Lt 
Midland Mechanical Develop- 

ments, Lt 
Midland Motor C vlinder Co., 

Ltd., The Cover i 
Mills, Ww illiam, I itd. 106 
Mond Nickel Co., Ltd., “The 

Monks & Crane, Ltd. 
Monochrome, Lid. 

Moss Gear Co., Ltd. . 
Murad Developments, Ltd. 


Neill, James & Co. (Sheffield), Ltd. 
Newall, A. P. & Co., Ltd. 
Newton, L. H. & Co., Ltd. 
Nitralloy, Ltd. 

Northern Aluminium Co., L td. 
— Automatic Screw Co., 


PAGR 
123 
95 


"(Great 


Csborn, Samuel, & Co., Ltd. 


Perry Barr Metal Co., Ltd. 
Pollard Bearings, Ltd. 
Pollock & Peel, Ltd. .. 
Power Gas Corporation, L td.. 


& Marles Bearing Co., 
d 


Redfern’s Rubber Works, Ltd 92 


ANNOUNCEMENTS 


Pp. 
Soventry Chain Co., 
at 
R.T.S.C. Home Sales, Ltd. 
Rubery, Owen & Co., Ltd. 


S. & D. Rivet Co. - 
Selson Machine Tool Co. » Lad. 


Sheffield 
Co., Ltd., Th 
Shell-Mex & B. P., 

Silentbloc, Ltd. 
Simmonds Aerocessories, Ltd. 
Simms Motor Units, Ltd. . 
Skefco Ball Bearing Co., Ltd.. 
Slick Brands, Ltd. A 
Smethwick Drop F: orgings, Ltd. 
Smiths Jacking Systems, Ltd. 
Solex (Gauges), Ltd. 
South Wales F. orgemasters, Ltd. 
Spencer, Walter & Co., Ltd. 
— &C 
t 
Steel Parts, Ltd. 
Sterling Metals, Ltd. 


Tecalemit, Ltd. 
Teisen, Th. C. E., -" Furnace Engi- 
neer . 
Terry, Herbert & Son : 8, ‘Ltd. 
T.I. Aluminium, Ltd. 
Til agi 's Patent Sand Blasting 


ie Drill & Steel 


127 
40 
31 

Ad. 94 

Toledo Waodhead Springs, Ltd. 85 

Tube Products, Ltd. . 107 

at es 


Udal, J. P., Ltd. 
Unbrako Socket 


Screw Co., 

Ad. 6 

U Ln Steel Companies, Ltd. 34, 53 


Vandervell Products, Ltd. os 72 
Vaughan, Edgar & Co., Ltd. .. 30 
Vokes, Ltd. 


Walker, M. W., & Staff, Ltd. 
Ward, H. W. & Co., Ltd. 
Ward, Thomas W., Ltd. 
Wearing, George, L td. 

Weston, Charles & Co., L td. 
Whyte & Collins, Ltd. 
Wickman, Ltd. 

Wiggin, Henry & Co., ‘Ltd: 
Wild-Barfield Electric Furnaces, 


Woodhead, Jonas & Sons, Ltd. 
Varwood, Ingram & Co., Ltd. .. 


ee in a Britain for the Publishers, ILIFFE & SONS LTD., 
can 


a’ Co. CANADA, The Wm 
tar ‘Dawson & Sons (S.A.) Ltd. UNITED “STATES : 


Dorset House, Stamford Street, London, $.E.1, 
be F arwey abroad from the following: AUSTRALIA & NEW ZEALA 

Dawson Subscription Service Ltd. Gordon & Gotch Ltd. SOUTH AFRICA: 
The International News Co. cond Class 


Entered as S 


ames Cond Ltd., Charlotte Street 
Gordon & Gotch Ltd. INDIA, 


Central 
Matter ot the New York, USA. ost Offices 


| tt OL”! | 
| yer 
| 
36 +4 
33 
a 
122 
35 124 
125 
115 4 
13 
8 
88 
76 112 68 
132 42 
112 48 
| 
134 98 
118 
21 
57 
128 
134 
45 
82 
102 
133 
132 
1, 53 
‘59 
16 69 
51 93 
60 131 
133 128 
2 47 
: 29 125 62 
116 116 130 121 
22 3, 129 
86 50 130 
i 100 97 114 
ise 135 126 ‘ 90 122 
6,7 84 1 
131 114 98 27 
66 117 43 
“ 44 46 
; 89 67 
79 
: 118 = _ 104 / 


ASSIST DESIGN 
REDUCE COSTS 
% AID SALES 


u 
y 


Sto 


ISSUED BY THE COUNCIL OF IRONFOUNDRY ASSOCIATIONS 
CRUSADER HOUSE, 14 PALL MALL, LONDON, S.W.1! 


AUTOMOBILE ENGINEER, August 1953 


; 
an 
> 
Ge 
é 
€ 
i 
| ii 


AUTOMOBILE 
ENGINEER 


Pressure die castings in aluminium alloy form the 
major body components of the ‘* Flamemaster ” 
hand torch illustrated here by courtesy of 
Messrs. Chance Bros. Ltd. Our customer 
says: “The aluminium die castings which we 
have obtained from you for use on this product 
have proved entirely satisfactory, and are a great 
improvement on the previous covers. It is in 
fact true to say that they save us considerable 
assembly cost due to their accuracy of fit and 
excellent finish.” Extract of letter from Messrs. 
Chance Brothers Ltd., Smethwick, Birmingham 40. 
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